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Introduction

The discovery of microstructures resembling nanobacteria in the Mars meteorite
ALH84001 (in close association with an assemblage of biomarkers) led to the
interpretation of these bodies as possible indigenous microfossils of Martian
microorganisms (McKay et al., 1996). These investigations and the resulting scientific
debate highlighted the importance of recognizing the morphology and size distributions
of nanofossils and microfossils, and of establishing indisputable biomarkers of the
biochemical and geochemical evidence of extant or extinct life (see Westall ef al., 1998).
The profound significance of this conclusion greatly stimulated scientific research in the
newly emerging multidisciplinary field of Astrobiology. Research on carbonaceous
meteorites carried out independently in Moscow, Russia (Zhmur et al., 1997; Hoover et
al., 1998) and in Huntsville, Alabama USA (Hoover, 1997, Hoover ef al., 1998) resulted
in the detection of diverse assemblages of far larger and more complex biomorphic
microstructures with bacterial and fungal morphologies. The ability to recognize
definitive biomarkers and microfossils and to distinguish them from possibly non-
biogenic relics and microstructures that may mimic biology (such as the fibrous kerite
crystals investigated by N. Yushkin (Yushkin, 1996; 1998) is of great importance. Space
missions now being planned in several countries should return astromaterials from Mars,
comets, or other solar system bodies within the next decade. Therefore, it is imperative
that these techniques and methods of investigation be established before this material
becomes available.

Great success has recently been obtained in a rapidly emerging new field that we

have designated as “Bacterial Paleontology” (Rozanov, Zavarzin, 1997; 1998). The




recognition of bacterial microfossils has been significantly facilitated by studies of the
artificial fossilization of recent bacterial communities (Lucas, Prevot, 1984; Krylov,
Orleansky, 1988; Rozanov, Zhegallo, 1989; Briggs et al., 1993; Goncharova et al., 1993;
Zhmur, 1993; Zhmur et al., 1993, 1995; Gerasimenko et al., 1994, 1996, 1998; Rozanov,
Zavarzin, 1997; Jones, 1998; McKay et al., 1998). These publications elucidate
remarkable model analogues: ancient microfossils in phosphorites and high carbon rocks
were described and compared with living and dead microorganisms in recent
cyanobacterial mats. These investigations have made it possible to decipher some of the
complex biomorphic microstructures that have been encountered in carbonaceous
chondrites.

The paleontological study of phosphorites has greatly expanded over the past
twenty years, extending beyond initial areas of research. In the 1970’s-1980°s there
existed a need for the recognition of spatial and temporal relationships of the explosive
appearance of hard skeletal organisms on the beginning of the Cambrian (Rozanov,
Missarzhevsky, 1966; Rozanov, 1967; Rozanov et al., 1969; Sokolov, ed 1984; Brasier,
1990, 1992; Repina, Rozanov, 1992; Rozanov, Zhuravlev, 1992; and many others) as
well as the contemporary formation of the largest deposits of phosphorite in China,
Mongolia, and Kazakhstan (Bushinsky, 1966; Cook, Shergold, 1979; Yanshin, Zharkov,
1986). These phosphorite deposits were initially thought to be of chemical origin.
However, the discovery of cyanobacterial mats in the Early Cambrian phosphorites was a
very important event. It led to the reinterpretation of the genesis of phosphorites, which
had previously been considered as typically chemogenic deposits (Ilyin, 1973, 1990). The

investigation of bacterial fossils from earliest phosphorites together with experiments on

2




the artificial phosphatization and research on highly carbonaceous and other sedimentary
rocks has yielded information of relevance to the new field of Astrobiology.

Elena A. Zhegallo, A. Yu. Rozanov, G. T. Ushatinskaya, and A. L. Ragozina
investigated the study of the microfossils from the phosphorites of the classical
Khubsugul Basin. Later, Richard B. Hoover of the NASA Marshall Space Flight Center
conducted collaborative studies with them. The rich material from the Khubsugul and
Burenkhan deposits was used for that work. E. A. Zhegallo was in charge of the group,
which collected this material during the 1979-1991 field seasons. The expedition team
included N. A. Drozdova, V. D. Fonin, V. A. Luchinina, A. L. Ragozina, L. N. Repina,
A. Yu. Rozanov, V. A. Sysoev, G. T. Ushatinskaya, Yu. [. Voronin. Geological and
analytical materials were kindly provided by V. P. Arsent'ev, V. P. Karev, F. N.
Lyudofun, P. V. Osokin and by E. A. Eganov. We are very grateful to our colleagues for

their help and valuable information.

Geological and Paleontological-Stratigraphical Data on the Khubsugul
Phosphorite Basin

N. A. Donov and E. V. Edemsky discovered the first phosphorite deposit in
Mongolia in 1964 on the western coast of the Khubsugul Lake (fig.1). This discovery was
followed in 1964-1967 by detailed investigations of the All-Union Air-Geological Trust
and Zarubezhgeologia Institute. Besides the pioneer investigators, M. M. Muzylevsky, A.
A. El’yanov and A. V. Ilyin took part in this work. They revealed that the Khubsugul
Basin is among the largest phosphorite basins of the World. From 1968 to the present,

the Khubsugul Phosphorite Basin was studied by




collaborators of the Geologiceﬂ and Paleontological Institutes, Institute of the Lithoshere
(Russian Academy of Sciences), and Zarubezhgeologia Institute as well as the geological
Institute of the Mongolian Academy of Sciences, which comprised the Joint Soviet-
Mongolian Paleontological and Geological expeditions. Several other workers took part
in the field work in this area during different years, including, Zh. Bjamba, 1. S.
Borovskaya, D. Dordzhnamzhaa, N. A. Drozdova, Mjagmar Dugaa, Ja. Erdenbilik, V. D.
Fonin, T. N. Kheraskova, M. N. Korobov, A. V. Ilyin, B. Luvsandanzan, N. V.
Pokrovskaya, A. L. Ragozina, G. I. Ratnikova, A. Yu. Rozanov, V. A. Sysoev, G. T.
Ushatinskaya, Yu. I. Voronin, , N. S. Zaytsev, E. A. Zhegallo, and Z. A. Zhuravleva, as
well as E. A. Eganov, V. A. Luchinina, and L. N. Repina representing the United Institute
of Geology, Geophysics and Mineralogy (Siberian Branch, Russian Academy of
Sciences). Special prospecting work was conducted by V. P. Arsent'ev, V. P. Karev, F.
N. Lyudofun, P. V. Osokin, and I. N. Semeykin from the Soviet Geological Expedition of
the Zarubezhgeologia Institute on the Khubsugul and Buren Khan deposits.

The first publication on the Khubsugul phosphorites appeared in the “Sovetskaya
Geologiya” magazine (Donov et al., 1967). During the last thirty years several dozen
monographs, papers, reports, and abstracts have been devoted to the Khubsugul Basin.
The data on the Khubsugul deposit are included in numerous Russian and foreign
summaries on phosphorites. The Khubsugul Basin is always listed among the large scale
global phosphorite deposits (Cook, Shergold, eds.1979; Yanshin, Zharkov, 1986; Ilyin,

1990).




As a result of geological, lithological, stratigraphical, and paleontological
investigations, the structure of the Khubsugul Basin and its rock succession have been
determined, and the stratigraphic columns and geological maps scrutinized (figs. 2,3).
The stratigraphic representation below is based on data by Ilyin (1973, 1990),
Z.A Zhuravleva (1974), Ilyin, Bjamba, (1980), Korobov (1980,1989), Nikiforov et al.
(1995), Eganov (Shkolnik, Baturin, eds., 1998), reports of the Buren Khan Prospecting
Expedition (1981-1984), as well as the authors' observations.

The Khubsugul Phosphorite Basin is a syncline built by the Upper Riphean -
Cambrian strata. Two thick groups are recognized here: the possible Upper Riphean
Darkhat Group and Vendian - Lower Cambrian Khubsugul Group.

The Darkhat Group is represented by its uppermost Arasan Formation which

consists predominantly of siliciclastics and volcanics-siliciclastics, namely, green, gray,
brown, or rare violet siltstone, sandstone, tuffaceous sandstone, and gravestone with some
layers of grayish-cream pelitomorphic dolomite and lenses (1-2 m) of gray thin-grained
limestone with oncolites. The Arasan formation thickness is about 1500 m.

The Khubsugul Group lies unconformably on the Arasan Formation and is

subdivided into three formations in the ascending order, Ongolik, phosphorite-bearing
Khesen, and Erkhelnur formations.

The Ongolik Formation overlies the Darkhat Group with a washout and basal

quartz-feldspathic sandstone and gravelstone of about 2 - 15 m in thickness. They pass
upward to gray bedded and massive dolostone, silicified in places, with rare oncolites and
algamorphic texture. The uppermost part of the Ongolik Formation consists of

conglomerate-breccia slump features and erosional surface. The formation thickness is
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300-400 m. From the dolostone, Z.A. Zhuravleva recorded Ambigolamellatus horridus Z.
Zhur., Volvatella vadosa Z. Zhur., and Vesicularites sp. These fossils indicate the
Yudoman (at the Siberian Platform scale) or Vendian age.

The Khesen Formation overlying the Ongolik Formation is subdivided into three

members. The lower member consists of argillaceous limestones and calcareous shales
with lenses of calcareous-dolomitic breccia and conglomerate-breccia. The middle
member is the principal producing horizon of the formation and contains several
phosphorite layers of the Khubsugul Basin. The phosphorite layers alternate with bedded
and massive limestone and dolostone, in places with siliceous-aleuritic-argillaceous shale,
and black chert. There are from one to five phosphorite horizons in the different parts of
the member, which compose up to 10-15% of its thickness.

The upper member begins with black amorphous chert of thickness from several
meters to 50 m, overlian by dolostone and limestone with a significant admixture of
argillaceous and arenaceous particles. The total thickness of the Khesen Formation varies
from 350 to 600 m. According to Z.A.Zhuravleva (1974), there are microphytolite
assemblages in all three members of the formation, including Nubecularites catagraphus
Reitl.,, N. parvus Z. Zhur., N. densus Z. Zhur., N. angulatus Z. Zhur., Radiosus
marginatus 7. Zhur., Osagia senta 7. Zhur. From the middle part of the phosphorite
member, we have distinguished Archaeooides sp., A. granulatus Qian, Tasmanites
tenellus Volkova, Obruchevella sp., Spirellus sp., and filamentous cyanobacteria of
Microcoleus group, belonging to genera, known from older rocks, namely,
Siphonophycus robustum (Schopf) Knoll et al. 1991, S. typicum (Hermann) Butterfield

(1994), S. solidum (Golub) Butterfield (1994), S.septatum (Schopf) Knoll et al. 1991,
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Oscillatoriopsis obtusa Schopf,1968 (Ragozina, 1993). The forms listed above mostly
span both the Upper Precambrian and Lower Cambrian, but Archaeooides, Tasmanites,
Osagia senta, and several catagraphia (Nubecularites) appear from the Lower Cambrian
Tommotian Stage only. The overlaying Erkhelnur Formation contains Atdabanian
trilobites. Thus, the Khesen Formation is considered to be as Tommotian, Lower
Cambrian age.

The following Erkhelnur Formation overlies the Khesen Formation with a distinct
washout. It begins from the basal member of 40 m thickness, which includes sandstone
with gravelstone and breccia containing large clasts of sandstone consisting of
redeposited phosphatic grains. A member overlaps the basal member, 200 m thick, of
predominantly dolostone, argillaceous in places, with interbeds of dark gray chert. The
uppermost member of the Erkhelnur Formation is over 1500 m in the thickness and
contains a gray and dark gray limestone with interbeds of argillaceous shale and dark
gray chert with breccia, in places, and scarce interbeds of dolostone. There are several
levels with trilobites and archaeocyathids in the formation. Along the Khesen and
Ongolik rivers Korobov (1980) found two levels with trilobites. The lower one is 400-
550 m above the base of the formation and contains Archaeaspis sp., Malykania ongolica
Korob., Elganellus dilatatus Korob., E. pensus Suv., E. elegans Suv., E. probus Suv., E.
elongatus E. Rom., Resserops kharganicus Korob., Pseudoresserops obesus Korob.,
Minusella priva Korob. The upper level is 250 m above the lower one, spans about 250
m and contains Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob., and
Fallotaspis mongolicus Korob. Archaeocyathids are not found in these sections, but in

the Urundushi Ula section that is 16 km to the North-North-East from the Khesen and
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Ongolik sections, II’in collected archaeocyathids from four levels of the formation, and
they were identified by I. T. Zhuravleva (Ilyin, Zhuravleva, 1968). The lower level
approximately corresponds to the lower trilobite level and includes: Archaeolynthus sp.,
Rotundocyathus sp., Nochoroicyathus howelli (Vol.) The second level (250 m above)
contains: Rotundocyathus ex gr. khemtschikensis (Vol.)), Nochoroicyathus ex gr.
mariinskii Zhur. 150 m above, at the third level, Rotundocyathus sp., Kaltatocyathus sp.,
Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp., and Dictyocyathus sp. are
distinguished. Four hundred meters above, at the fourth level, the assemblage includes
Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.),
Tumuliolynthus ex gr. karakolensis Zhur., Dictyocyathus sp., and Dictyofavus bipartita
(Vol.). All these assemblages are of the upper Atdabanian age. However the uppermost
Erkhelnur Formation can be even the early Botomian age.

At the Burenkhan deposit area, the upper Erkhelnur Formation contains numerous
Botomian archaeocyathids: Palaeoconularia baileyi (Vol.), Sibirecyathus naletovi Vol.,
Formosocyathus vermiculatu;ﬁ (Vol.), Tubericyathus clathratus Vol., Clathricoscinus
vassilievi (Vol.), C. dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus
operosus (Zhur.) (A.Yu. Zhuravlev's data).

The tuffaceous-siliciclastic Ukhutologoy Formation (500 m thick) overlies the

Erkhelnur Formation with a break. At the southern border of the Khubsugul Lake, this
formation contains archaeocyathids (I. T. Zhurvleva's data): Irinaecyathus ex gr. ratus
(Vol.) and Pycnoidocyathus sp. (Ilyin, 1973), which are of the Botomian age.

The data on the Khubsugul area allow us to consider that the principal phase of

the ancient phosphorite accumulation is restricted to the Tommotian epoch
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(Luvsandanzan, Rozanov, 1984, Rozanov, 1992; Gerasimenko et al., 1996), and not to a
wider Vendian - Early Cambrian interval (Yanshin, 1964, 1982; Yanshin, Zharkov, 1986;
Ilyin, 1990).

Paleogeography

All the authors ascribe the Khubsugul Basin phosphérites to the marine
sedimentation type. However, much conflicting evidence is published on the
contemporary paleogeography of this region (Ilyin, 1973,1990; Yanshin, 1982; Zaytsev,
1982, 1992; Bjamba, 1987). This picture probably resulted from the attempts of the
authors to connect their data with changeable tectonic concepts of the 1970’s and 1980’s.
Although the tectonic situation is still not clear enough, some data, which were ignored
earlier, have allowed us to describe a probable paleogeography, where the Khubsugul
phosphorite accumulation occurred.

Regional-geological data. (1) The region is located at the moderately active
peripheral border of the Siberian craton. (2) The producing member is probably
Tommotian Khesen Formation of thickness from 350 to 600 m. The Atdabanian strata are
about 2000 m in thickness, and the Botoman and Toyonian strata have thickness of 500
m. Thus the total thickness of the Lower Cambrian strata in the Khubsugul Basin is about
3000 m, which is comparable with the Lower Cambrian thickness on the south-western
Siberian Platform. (3) The width of the Lower Cambrian rocks is about 80 km, and
because it is a simple synclinal structure with very steep angles, the width of the basin,
where the phosphorite accumulation occurred, had to exceed 160 km. (4) According to
the present conceptions, the Khubsugul Basin abutted upon the Murzin Uplift on the

North-West and upon the East-Khubsugul Uplift on the North-East and communicated
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with the Siberian Platform basin between them (Ilyin, 1973). On the South, the
Khubsugul Basin could connect with basins of the Altay Sayan Foldbelt and China. (5)
There are the quite correct paleomagnetic data for the south-eastern part of the Siberian
Platform and for Dzabkhan zone of Mongolia (Kirschvink,Rozanov, 1979, 1984;
Kirschvink ef al., 1987, 1991; Evans et al., 1996 ). These data allow us to consider that
both of the above mentioned regions were located probably within the equatorial zone
and the distance between them may be more or less the same now as it was in the Lower
Cambrian.

Biogeographic and paleontologic data. (1) The occurrence of abundant mat-
building filamentous cyanobacteria in the phosphorite layers of the Khesen Formation
suggests their formation within the photic zone (the first dozen meters of depth). The
wide development of cyanobacterial mats also indicates low hydrodynamics. The
absence of normal marine fauna is worth attention. (2) There are remains of acritarchs
(phytoplankton), Tasmanites, Leiosphaeridia together with diverse Archaeooides species
in several of the phosphorite layers. The latter ones are known from South China and
South Australia and indicate episodic southern connections of the Khubsugul Basin. (3)
The oldest (middle Atdabanian) trilobites include genera and even some species which
are very typical of the “Western” facies basin of the Siberian Platform (Khomentovsky,
Repina, 1965; Rozanov, Sokolov, 1984; Repina, Rozanov, eds., 1992). In addition, the
trilobites are restricted to shallow facies exclusively (Repina, 1982). (4) Late Atdabanian
and Botomian archaeocyathids are typical Altay Sayan, and more exactly Tuvinian,

species. Archaeocyathan-algal reefs are also shallow water indicators.
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Lithological data. (1) Very fine bedding is typical of the producing member and
the overlying and underlying strata. In the producing member the thin bedding combines
with the microstromatolites. According to Ilyin (1990) and Eganov's (Shkolnik,
Baturin,eds.,1998) data, there are desiccation cracks in the northern part of the basin.
Futhermore, several beds contain authigenic breccia and bamboo conglomerate. All these
indicate shallow water, with calm enough conditions, which were sometimes interrupted
by storms or seismic events. (2) Many researchers noted the absence of glauconite, which
together with other features (Sr/Ba ratio, see below) can indicate a salt imbalance. (3) An
exclusively small proportion of siliciclastics in the phosphorite of the producing member
is observed (Ilyin, 1990; Shkolnik, Baturin, eds., 1998), and can be indicative of the
peneplanation of the land adjacent to the northern part of the basin.

Geochemical data. The multiple studies- of geochemical features of the
Khubsugul Basin phosphorites is carried out, but mostly in the search of data related to
the prospecting use of the phosphorites (S, Cu, Cr, Co, Ni, Pb, Ba, etc. content). The data
on C,,, Sr, Ba, and Nd can be of interest for the examination of the Khubsugul
phosphorites as the model object.

C, (Organic matter). Commonly the C,, ratio in phosphorites seems to be low

enough (0.34 - 1.5%), although in some cases, the value up to 1.65% is detected (Ilyin,
Bjamba, 1980). The dolostone and limestone from the producing member bear about 1.04
- 1.44% C,, in average. On the whole, the C,, content of the Khubsugul phosphorites
exceeds that of the Karatau Basin (Kazakhstan).

Strontium. According to Ilyin and Bjamba (1980) and Nikiforov e al. (1995) data,

the Sr content is directly correlated with that of P,0O;, meaning that increase of the Sr
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content is connected to the increase of the P,O; content. The average Sr content is about
0.05 - 0.06%.

Barium. The Ba content in the phosphorites is sufficiently high (1400 g/t in
average) and is well correlated with the Sr content. The Ba and Sr ratio varies within
fairly narrow limits; in the trenches, it ranges from 0.04 to 0.33 and in the boreholes, it is
from 0.47 to 1.28. If the Sr/Ba rati;) is significant, than these values are indicative of, to
some extent, abnormal marine conditions.

Neodymium. Vinogradov and Lukanin (1994) obtained interesting (although not
firm enough) data by the study of the neodymium isotopes from the Khubsugul and
Burenkhan phosphorites. The authors argued that the isotopic composition of the
neodymium differs strongly in these two deposits, which are separated by 100 km. In
their opinion, the Khubsugul Basin (or its part) was supplied with sediments of the
ancient sialic crust of 2.2 GY age while the Burenkhan Basin was supplied with
sediments of a younger continental cr~ust (0.8 GY) or of a mixture of destruction products
of continental and oceanic crusts.

Thus, during phosphorite formation, the Khubsugul Basin was probably a basin of
the gulf-type or the strait-type from time to time. It was a very shallow basin with low
hydrodynamics and anoxic conditions at the bottom level. Sometimes seismic events
occurred. Cyanobacterial mats were the main producers of the organic matter.
Surrounding land was peneplaned. The continental crust composed the northern land

while the oceanic crust seemed to spread in the South.
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The Features of the Khubsugul Biota
The “Khubsugul” biota was probably mostly cyanobacterial. The cyanobacterial
mat community was preserved in the phosphorites as microstromatolites, microoncolites,
and micronodules. The micronodules are clearly predominant in our observations. The
micronodule sizes usually vary from tens to several hundreds of microns.

As rule in the micronodules, the combination of filamentous fossils of different
diameters and rounded, spindle-like and dumbbell-like habits is observed. It is possible to
distinguish the phosphate crystals outside and inside the walls of cyanobacteria filaments
from pseudomorphs of purple bacteria and other bacteria.

The pattern, observed in the Khubsugul phosphorites (cyanobacterial filaments
surrounded by numerous bacterial cells) is typical of all recent cyanobacterial mats. For
instance, in the Sivash halophilic mat community, where a thick layer of purple coccoid
(Thiocapsa) and ovoid Chromatium bacteria adjoins to the lower surface of the upper
cyanobacterial layer. These bacteria provide the protection of the community due to
varied metabolic reactions including the capacity to grow in both aerobic and anaerobic
conditions. Purple bacteria oxidize with photosynthetic oxygen the organic matter
extracted by cyanobacteria during their life and post-mortem, and thus, they defend from
oxygen subcommunities of lower mat layers, where obligate anaerobes, sulfur-reducing
and methanogenic bacteria develop. During mineralization, globular structures are formed

from the coccoid cells and dumbbell-like structures are developed from ovoid cells.
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The Origin of the Phosphorites

Many different opinions exist concerning the formation of the phosphorites and
the source of their origin. In Ilyin's opinion (1973, 1990), the formation of phosphorites
occurred by the precipitation from near bottom waters, but not from pore waters. That
means by chemical (orthochemical) processes. He connected the phosphorus supply with
the weathering of rocks and following redeposition of the products of destruction.
Ratnikova (1982) supported a similar point of view, by the petrographic study of the
Khubsugul phosphorites, as Semeykin (1988) did. Later on, Ilyin (1997) concluded from
the study of the distribution of rare Earth elements in phosphorites that phosphorites
precipitated at the sediment-water interface.

Yanshin and Zharkov (1986) agreed that the main role in the phosphorite
accumulation belonged to chemogenic precipitation and that the volcanic activity was the
major source of phosphorous. Zaytsev (1982, 1992) supported this opinion and suggested
that phosphorous and associated silica could enter into the basin from rivers and
submarine volcanoes occurring in more or less distant regions (for instance, the Dzhida
Province).

Bjamba (1987) wrote on biogenic-diagenetic genesis of phosphorites. He believed
that the main source of phosphorus in the ocean was not the continental erosion but
biogenic processes realized the formation of the Khubsugul phosphorites.

Finally, research carried out at the Paleontological Institute during the last several
years, show that even the smailest grains of Khubsugul phosphorites represent

micronodules (100-350 pum in diameter) and are formed with the participation of bacteria,
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most probably cyanobacteria and purple bacteria. In places, rare planktonic forms occur
(Archaeooides, Tasmanites). The preservation of planktonic species is astonishing. Each
of them consists of calcium phosphate, that means that they are secondary phosphatized
similar to cyanobacterial mats. This is likely since similar forms possessing organic walls
are known from the Cambrian (Keller, Rozanov, eds.,1979; Rozanov, Zhegallo, 1989;
Rozanov, Zhuravlev, 1992; Gerasimenko et al., 1996). It is likely that all organisms were
phosphatized at the bottom level. Thus, we can speak about the very important role of the
biogenic factor in the genesis of the Khubsugul phosphorites. V.N.Kholodov ( 1987),
YuN.Zanin (in Mirtov et al., 1987), E.A. Eganov (in Shkolnic, Baturin, eds. 1998),

came to a similar point of view on the origin of Khubsugul phosphorites.

The Characteristics of the Productive Member and the Selection of Samples.
The study samples were collected from the producing phosphorite member of the
Khubsugul and Burenkhan deposits.

The Khubsugul deposit extents meridionally along the western cost of the

Khubsugul Lake. The principal phosphorite is concentrated in the middle Khesen
Formation, producing phosphorite member which is exposed on the slopes of the Khesen
Syncline. According to data of Ilyin (1973), Ilyin and Bjamba (1980), Nikiforov ef al.,
(1995), the producing phosphorite member consists of several phosphorite layers,
separated by phosphate-bearing and non-phosphatic limestone, dolostone, and cherty
dolostone.

The greatest number of phosphorite layers (five) is revealed on the eastern slope

of the Khesen Syncline. In the other areas, two or three layers are observed. The
15




lowermost layer (10 - 13 m thick) is the most continuous and is traced over 36 km. The
fifth (uppermost) layer (with 18.5 m thickness) is traced over 18 km. The thickness of
other layers varies from 1.5 m to 6 m They are lens-shaped, their boundaries are gentle,
and their correlation is hard even in neighboring trenches. The lower layer consists of
black, black-gray, bedded and lens-bedded carbonate phosphorites. The phosphate is
concentrated in the interbeds of 1 - 2 cm in thickness or form diverse in size and shape
inclusions. Brecciated phosphorites, composed of phosphorite and chert fragments and
blocks entombed in the dolomitic cement, dominate at higher levels. The uppermost
phosphorite layer consists of the micrograin massive carbonate and carbonate-cherty
phosphorites. Carbonates separating phosphorite layers are from 5 m to 30 m in thickness
and possess a gray, yellow-gray, dark-gray, or black color and sometimes include thin
interbeds of black chert. The thin, commonly uneven lamination is typical of limestone
and dolostone, and some beds pinch out or swell on the short distance. Downcut of beds,
washout surfaces, wavy interbeds, rolled fragments, as well as bamboo conglomerates,
small syngenetic folds, and breccia composing by irregular fragments are observed.

The study samples are derived from the South Ongolik section, from trenches No.
7, 15, and 16, where the first and fifth phosphorite layers are well expressed. The samples
are selected from both layers and from thin phosphorite interbeds of the carbonate layers.
In all cases, paleontological specimens are of the same origin. The best preservation is
observed in the carbonate phosphorites.

The Burenkhan deposit is located about 75 km southward of the Khubsugul Lake.

This region is a wide complicated remnant of the Precambrian and Cambrian rocks at the

roof of large intrusions. Strong folding and fracturing disrupt its structure. Numerous
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outcrops of the phosphorite layers are commonly isolated one from another and oriented
in different directions. Here, as well in the Khubsugul deposit, the Arasan, Khesen, and
Erkhelnur formations are distinguished. The main phosphorites are concentrated in the
Khesen Formation, at the level lying from 70 m to 170 m above its base where up to
seven phosphorite-bearing horizons occur. The thickness of a single phosphorite layer
achieves up to 55 m. Siliceous phosphorites dominate in the Burenkhan deposit, and
carbonate-siliceous and especially carbonate varieties are met rarely. The samples were
collected from the producing member in the quarry of plot 1 near the village of
Burenkhan, Mongolia.

One hundred fifty samples were studied from the Khubsugul deposit and twenty-
five samples - from the Burenkhan deposit.

This study was supported by the Russian Foundation for Basic Research (projects

96-04-48372, 96-05-64130, 96-05-64806, 97-05-65069 and 98-05-64765).
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Explanations of text-figures

Fig.1 The Map of Mongolia.

@ur.1 Kapra Mosnromumn.

Fig.2 Geological map of the Khubsugul basin with geological cross-section and
legend.

@ur.2 I'eomormyeckas kapra XyOcyrynbckoro OacceifHa ¢ TIeOJIOTHYCCKHM
npouneM 1 IereHaoH.

Fig.3 - Stratigraphic column of Khubsugul basin.

@ur.3. Crpaturpadpudeckas KOJOHKA.

24




154

Fig. 1

.............
......

1 - Khubsugul deposit

2 - Burenkhan deposit

q U’l ag-ﬁator

.....
e
s

......



Stratigraphic column

5 &
E (] O [ X = > % i
2 ‘% s 3 g -‘é“ Deposits e Description ;
@ # |B|0|5| = 3
kL =
= Alluviat and deluvial deposits H
upper 80 ;
Quarternary iop\zer 7o 150 | Basalt shieets |
Neoden upper no 100 | Sheets of apical basalts 1
jod >
o [+)
€ g 500 “Interbedding of tufaceous sandstones, !
5 e *;03 sittstones and shales green-grey. At the base~  ;
g ﬂo:l £ interbeds of gravelstones and tuffites :
] 2
500 timestones grey, dark grey to black with
sparse oncolites and trilobites. Af the base -
breccia-fike limestones
S
= 20 Dolomitas grey, massive,
Litrastones grey, dark -grey ,
- 200 ¢ bresciasike
fasd
o © - ) L
ol 400 - Limestones grey, dark grey, massive with
© g lenses of dark-grey cherts.
- N
£ - g Kot Dolomites light-grey and grey, sometimes
c o 260 breccla-like. interbeds with archaeocyath and
© P 4 Rl I . trifuhite limestones.
© =3
O P4 Fe)) - Lirnestones grey, dark-grey with interbeds of
- 350 ) shales and‘ph.osphate che.rts dark-grey and
(o] Jenses of silicified rocks with ferromanga-
w 1 o " nesian mineralization, sparse archasocyaths.
-4 ol - s
-3 200 - Dolorrites grey, fine grained with-lens-like
e ‘ interbeds of dark-grey cherts.
N 10-100 . Sliiciiad phosphorite~-dolomitic sandstones
and gravelstones, greyish-brown cherts.
: c Dolomites grey, bedded, massive cream-
- () coloyred, weakly silicified, with lenses of
o 1) 350- ‘phospharites, interbeds- of grey and dark-grey
£ @ 800 _cherts. Limestones and dolomites phosphate-
£ - bearing bedded and massive, grey and dark-
P grey. The layers of phosphorites doiomitized
— x and calcite-dolomitic (2-5). At the base -
- argillaceous limestones, calcareous shales
with pinching out calcareous~dolemitic breccia
- ) and conglobreccia. .
'% g 300~ 1} -Dolomites grey, bedded and massive
5 o 400 irregularly silicified with sparse stromatolites.
> O Limestones grey to dark-grey, massive.
Lanses of siitstones and shales with pebbles
of peiitomorphic dolomites; sparse oncolites.
= Calcareous and polymictic gravelstones and
- — sandstones,
[N
© © ©
(13}
@ il
= = X @ 1500 Silstones, sandstones, tuffstones,
o gravelstones polymictic, green, greyish-brown,
[=3 Q. © " gray,’in places purple. interbeds of dolomites
— @ " walitornorphic grey, cream-coloured and
=3 a - lenses {1-2m) of grey fine-grained limestones
o with oncolites.
< :




0ngz ik‘yof }Qi ; 5




N
T4
/\/\/////\
Q —= O ——0

L E G E

Diorites, granodiorites

Syenites and granosyenites

Biotite granites

Tufaceous gravelstones

Tufaceous sandstones

Silstones

Shales

Tuffs

Conglomerates, gravelstones
polymictic

Calcareous conglomerates,
gravelsnones,congiobraccia

Limestones

Dolomites

Sandstones

X
50 60

Dolomites with lens of cherts

Limestones breccia-like

Calcareous breccia

Argiltaceous limestones

Main phosphate-horizon (unit)

Black chert horizon

Lenes of silicified rocks with
ferromagnesian mineralization

Faults

Structurai signs for bedding

Trenches apd their numbers

Archaeccyaths

Trilobites

Oncolites




HaneonTosoruuyecknnt HHCTHTYT Poccuiickod AkaaeMun HAyK

NASA-Marshall Space Flight Center

ATJ1ac

MHKPOOPraHNU3MOB M3 JpeBHHUX (pochopuTOoB

XyocyryJaa (MoHroJius)

Enena A. XKerasio, Anekceii JO. PozaHos,
INasmuua T. Ymmarunckas, Puuapa b. Xysep,

Jlronmuiia M. T'epacnmenko, Asuia JI. Paro3zuna

2000

Huntsville, Alabama, USA

29




[TaneonTonoruvyeckuit HHCTUTYT Poccuiickoii AkagemMun Hayk

NASA-Marshall Space Flight Center

Eaena A. Keraaio*, Anexceit FO. Pozanos*,
I'asiuna T. Ymarunckas*, Puuapa b. XyBep***,

Jwoamnaa M. I'epacumenko**, Aana JI. Parosuna*

* ITaneontonoruueckuii nHcTuTyT PAH, Poccus, Mocksa, 117647, IlpodcorosHas 123
** Unctutyt Mukpobuonorun PAH, Poccus, Mocksa, 117812, Tlpocnext 60-nerus

Oxta6ps, 7/2
*#* NASA-Marshall Space Flight Center, Huntsville, Alabama 35812, USA

ATJIac

MHKPOOPraHu3MoB H3 ApeBHHX (pocdhopHTOB

Xyocyrynaa (MoHrosius)

2000

Huntsville, Alabama, USA




Beepenue

OTKpBHITHE CEPUH MHUKPOCTPYKTYpP, HAIOMHMHAIOMMX HAHOOAKTEPHM, B TECHOM
accoupanuu ¢ 6uomapkepamu B Meteopure ALN84001, KOoTOpBIH cunuTaeTCS MOMABIIUM
Ha 3emmo ¢ Mapca (McKay er al,1996), npuBeno K IpPENNOJIOKEHHIO,  YTO
oOHapyXeHHbIe  Tella  MOIYT  SBIATBCA  MHKPOOPraHH3MaMd  MapCHaHCKOTO
npoucxoxaeHus. Ota uccneposanus (cMm. Westall er al, 1998) u nx obcyxnenue
BBICBETH/IM  HEOOXOMUMOCTh HM3Y4eHHS MopdoNorHH u pa3sMepoB OOHApY:KEHHBIX
HaHOQOCCHINH ¥ MUKpOGOCCHIN M YCTAHOBICHUSA HAIEKHBIX OHOMAapKepOB, BKIIOYas
OHOXUMIYECKHE ¥ TCOXHUMHYECKUE TOKA3aTENbCTBA CYIMECTBYIOLICH MM HCYE3HYBIIEH
Ku3HU. Takoe 3aKIIIOYeHUEe MMENO OrPOMHOE 3HA4YC€HHE B CTHMYJIHMPOBAHMH Hay49HBIX
HCCJICHOBAaHUN B HEABHO BO3HHUKIIEM HANpaBleHUU - Acmpobuonozuu. Hccnenoanud
METCOPHTOB (YIJIMCTBIX XOHIPHUTOB), OCYIIECTBJICHHBIE IIOYTH OJHOBPEMEHHO H
gesaBucHMO B Mockse, Poccus (Zhmur er al., 1997, Hoover et al., 1998) u
Xonrcsuine, Anabama, CIIA (Hoover,1997, Hoover et al., 1998) mpusemn k
oOHApy»XEHHI0O B HHX  OONBIIOTO M pa3HOOOpa3HOro KOMIUIEKca OHOMOP(HBIX
MHUKPOCTPYKTYp OakTepuajbHOro ¥ TrpubHOro rabutyca. Bo3MOXKHOCTH OmpenensTh
pa3nuuHble OMOMapKephl U MUKPO(QOCCUIMH M OTIMYATh HMX OT IIPEAIOJIOKUTEIBHO
HEOMOTCHHBIX OOBEKTOB M MHKPOCTPYKTYp, KOTOpPBIE HHOTJA BEChMa HAITOMHHAIOT
OUOreHHble, TaKWe, HaIpuMmep, Kaxk (GuOpo3HBIE KpPUCTIIBI KEpUTa, H3YYEHHEIE
H.ILIOmxuaemM (Yushkin, 1996; 1998), upesBsruaitno HeoOxomuma. B pesymsrate
OCYIIECTBIIIEMBIX B HACTOANIEE BpeMs KOCMHYECKHX HCCISIOBAHHMU B PasHBIX CTpaHax
Ha 3eMIII0 B ONmKaiiliee JeCATHIETHE MOTYT OBITh IOCTaBJICHBI MaTepHalsl (00pasiisl) ¢

Mapca, KOMeT MM APYTHX TeJl COJIHEYHOH CUCTEMBL. DTO 3acTaBigeT Hac pa3pabaThIBaTh

31




METOJbI H TEXHUKY HCCIENOBAHMS BHE3EMHBIX OOBEKTOB e€Ile OO TOro, Kak IIOCHIeIHue
CTaHYT AJOCTYIIHBIMH HaM.

bonpume ycmexum OBUIM  JOCTHTHYTHI B TOCHEOHEE BpeMs B  OBICTPO
Pa3sBUBAIONIEMCS HOBOM HAIpaBlIeHUH “Oaxmepuanvroii nareonmonozuu”. (Rozanov,
Zavarzin, 1997,1998). Onpenenenue Muxkpodoccunnit 6aKTepHATBEHOrO IPOUCXOKICH
OBUI0  CHJIBHO OOJIErYeHO HCCICNOBAaHHWSMH II0 HMCKYCCTBEHHOM (DOCCHIM3ALIUN
COBpPEMEHHBIX OakTepranbHBIX coobmects ( Lucas, Prevot, 1984; Kprsuios, Opieanckui,
1988; Posanos, XKerammo, 1989; XKwmyp, 1993; XKmyp u op., 1993; Briggs et al., 1993;
T'epacumenxo u Op., 1994; Goncharova ef al., 1993; Xwmyp u op., 1995; I'epacumenko u
op., 1996; 1998; Pozanos, 3aBap3un, 1997, Jones et al., 1998; McKay et al., 1998), B
3TH>§ MyOIMKaIUAX OTYETIMBO HAMETHIMCh 3aMedaTelbHblE MOIENBHBIE OOBEKTHI:
npesHHEe MuUKpodoccumud B (ocdopruTax M BBEICOKOYTIIEPOAUCTBIX MOPOZax, KOTOPEIE
OIIMCHIBAIUCH 151 CPaBHUBAIUCH c MUKpPOOpPraHu3MaMu COBPEMEHHBIX
nuaHoOaKTepHabHEIX MaToB. MccnemoBaHMs Hamd — BO3MOXHOCTH pacimu)poBarth
KOMIUIEKC OHOMOpP(QHBIX MHKPOCTPYKTYp, KOTOpHIE  BCTPEHAIOTCS B YIJIHCTHIX
XOHJIPATAX.

Pabota mo majeoHTOJOTHYECKOMY H3YUYCHHMIO (HOCGOPHTOB IIPOJOIDKACTCS YXKe
6onee 20 net u M3HAYANBLHO IpecienoBana coBceM HHble enu. B 70-80e rogsr BaxkHo
OBUIO IIOIBITATECS YCTAHOBHTH IIPOCTPAHCTBEHHBIE M BPEMEHHEIE B3aMMOOTHOUICHHS
OypHOTO B3pHIBa MOSBJICHHUS CKENETHBIX OPraHH3MOB B Havasle kemOpusa (Pozanos,
Muccapxesckuif, 1966; Rozanov, 1967; PozanoB, Muccapxesckuit u op., 1969;
Cokoios, pen., T.1, 1984; Brasier, 1990; 1992; Rozanov, Zhuravlev, 1992; Penuna,

Po3anos, pexn., 1992 u MHOrHe npyrue) M OJHOBPEMEHHOIO C HHM KpyIHEHIIEro
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docharonaxomnenus B Kurae, Monronuu, Kasaxcrane u ap. (Bymusckuii, 1966; Cook,
Shergold, eds., 1979; Suumn, Xapxos, 1986). Ot ¢ocdarHpie MeECTOPOXKIEHHUS
CUMTAIMCh THMUYHO XemoreHHbMM  (Mmemn, 1973; 1990), HO OTKpBITHE B HHX
UaHOOAKTEPHAIBHEIX MAaTOB CTI0 BAaXHBIM COOBITHEM, TaK Kak IIPHBENO K
NepenHTEPNpPeTallil UX reHesuca. VIMeHHO H3yueHWe OaKTepuansHOM COCTaBISIONICH
(GochOpHTOB © IKCIEPHMEHTHI II0 HCKYCCTBEHHOW docdaru3anuy Hapsaay ¢
HCCJICIOBAHUEM BBICOKO-YITIEPOAMCTEIX M JPYTHUX OCAJ0YHBIX [TOPOJ CO3LAJH peabHble
HPEINOChUIKH JUIS (POPMHPOBAHUSA HOBOI'O aKTUBHOTO HaIlpaBlIeHUs - Acmpobuonozuu.

B wusydeHmH MuKpoOOpraHusMoB B QochopuTax KIACCHYECKOrO O0BEeKTa -
Xybeyrynbekoro OaccefiHa npuHuManu yuacTue mpexne Bcero E.AKeramno,
AJlL.Paro3uuna, A.IO.Pozauos u ['.'T.YVmaruuckas. Ha nocinenneit ctagyi K HIM aKTHBHO
npucoeauauics P.Xyeep (Richard B. Hoover, NASA, MSFC). B nannoil pabore
HCIIONB30BaH Oorarblii Marepuanr u3 XyOcyrynbckoro ©OacceifHa IIo paspesaM
XyOcyrynbekoro U BypeHXaHcKOro MeCTOPOKICHUH, KOTOPBIM coOupancs B TCUYSHHE
HECKOJIBKHMX TMONeBBIX ce30HO0B (1979-1991) otpsnom mox pykosoactBom E.A . XKeramno.
B cocraBe otpsana B pasnoe Bpems npunumanu ydactue 10.M.Boponnn, H.A. Jlpo3nosa,
B.JI.®onuH, B.A . Jlyunnuna, JI.H.Penuna, A.}O.Po3zanos, B.A.Cricoes,
I'T.Ywarunckas. B xome  pabor aBTopam  ObuIH JTFO0E3HO INPENOCTABICHBI
TEOJIOTHYECKHE ¥ aHAJMTHYECKHE MaTepuaisl COTPYIHUKaMu BypeHxaHCKoil reosioro-
pa3BEIOYHON TapTHH B.II. Kapeesim, B.II. ApcenrseBriM, I1.B. OcoxusbiM,
®.H.JIronodyrom, B paboTe Takke HCIONB30BATHCh Matepuaisl O.A Eranosa, 3a 4to

UM BCEM MBI IPHHOCHM CBOIO HCKPEHHIOIO 0J1aro1apHOCTh




I'eonoruveckye ¥ NaJe0OHTOJNOTO-CTPATHIPAHUECCKHE JAHHbIE TI0
Xybcyryansckomy pocopuroHocHOMY Gacceiiny.

ITlepsoe Mectoposknenmne dochoputor B MoHronud Ha 3amagHoM Oepery
03.Xybcyryn Oputo  oTkpeito B 1964 r. H.A JlonoseiM u E.B.Enmemckum (puc.l).
IlocnenoBaBmre 3a 3TUM OeTalbHBIE HcciefoBaHusd 1964-1967 rr, npoBoAMBIIHECS
Bcecoro3usM  asporeosiormdeckuM TpectoM M MHCcTHTYTOM “3apybexreonorus,” B
KOTOPBIX, KpOME IIePBOOTKpRIBaTeNIeH, yaacTBoBaui M.M.Mysanesckuii, A.A.ENpsiHOB 1
A.B.Mnsun, nokazanu, yro XyOCyrynbcKuil HacceliH SBIsieTCS OMHUM U3 KpYNHEHIuxX
tdochopuronocHsIx OacceiftnoB Mupa. Haumnas ¢ 1968 T u o Hactosmero BpeMeHHU
n3ydeHreM XyOcyrynarckoro ¢ocGopuToHOCHOrO OacceiiHa 3aHUMANHCh COTPYIHHKH
['eonormueckoro n Ilaneonronorudeckoro MHCTHTYTOB PAH, wuHcTUTyTa nMuTocdeps
PAH, Hucruryra “3apybexreonorus’, pabotaBmue B coctaBe ComecTHOM CoBeTcko-
MOHIrOIBCKOM HAYIHO-HCCASIOBATENBCKON reosoruueckoit m  CormecTHOH COBETCKO-
Mosnronbsckoii [laneonronormueckoil skcriequumii. B paznoe roael B paboTax 3THX
skcnenuuuit npuauMann yyactue U.C.boposckas, FHO.M.Boporun, H.A.Jlpo3nosa,
E.A Xerammo, 3.A.Xypasnesa, H.C.3aiines, A.B.Wnbun, M.H. Kopobos,
H.B.Ilokporckas, [I'.M.Patuukosa, A.Jl.Parosuna. A.}O.Pozanos, B.A.Crsicoes,
. T.Ymaruuckas, B.Jl.®onun, T.H.XepackoBa, 1 MoHronsckue reonoru JX.bsmoOa,
J. Hopxnamkaa, b.Jlyecannanzan, S1.OpneHOmiuuk, Msarmap J[lyraa, a Taxxe
corpynuukud HucTutyTa reonmormu u reodmuxku CO AH CCCP D3.A.EraHos,
B.A Jlyunnuna, JI.H.Pennna. CrnenuanpHple pa3BeoYHbIE Pa0OTHI Ha MECTOPONKACHUSIX

XybOcyryn u  bypenxan B 1981-1989 rr ocymectensimuce reomoraMu  CoOBETCKOM
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reonormueckoii sxcneamunma B MHP  (Mucturyr“3apybexreomorus™) - B.JIL
ApcentbeBbM, B.I1. Kapessivm, ®.H.JIronodyrom, I1.B.Ocoxunsm, 1.H.CeMmeitkuarmM.

Ileppas mybmukanus o ¢ocdopurax Xybcyrymsckoro SacceliHa IOSBHIACh B
xypuane “Coserckas reonorus” (Jlonos, Enemckuit u dp., 1967). 3a ucrexmue mnocie
storo 30 set 4ucio MoHorpadui, crareif, JOKIaI0B, TE3UCOB, IIOCBSIIEHHEIX OIMCAHUIO
Xy6cyrynsckoro ©OaccelfHa, — HAacUMTHIBA€T HECKOJNBKO JECSTKOB HAMMEHOBaHMIA.
Ceenenust o xybcyrynsckux ¢ocopurax BomIIM B OONBINOE YHCIO CBOJOK, Kak
POCCHHCKMX Tak W 3apyOEKHBIX, OH BCErJa YIOMHHAETCS IIpH TIEPEUUCIICHHU
KpynHeinmx ¢ochopurorsix mecropoxnenuit mupa (Cook, Shergold, eds., 1979;
SAummn, XKapkos, 1986, Uneun,1990).

B pesynprare  reolormdeckuMX,  JIUTOJNIOTHYECKHX ¥ cTpaTHrpado-
TAJICOHTONIOTHYECKUX HCclieoBanuil  Obuia ompenpeneHa CcTpykTypa OacceifHa H
MIOCJIEIOBATEIBPHOCTD CIATAOIIMX €ro MOPOJ, MOCTPOSHEI CTPaTUrpaduIecKie KOJOHKH
W JleTaJIbHBIE TeoJlornueckue KapTei(puc.2,3). IlpupoauMerilt cTpaTurpadpuaeckuii ouepk
ocHoBaH Ha pabotax A.B.Mipuna, 1973, 1990, 3.A.Xyparnesoit (1974), M.H.Kopo6osa
(1980,1989), K.A.Huxudopora, I1.B.Ocoxuna, X Amraman, H.Torommop (1995),
3.A EranoBa (Illxonpuuk, barypun, pex., 1998), A.B.Mmeuna u X.Bsmb6a (1980) ,
oryetax BypanxaHckoii reonoro-pazsenoynoit maptuu (1981-1984rr) m Ha cobcTBEHHBIX
HaONIOZICHUSX aBTOPOB.

Xybeyrynsckuii  pochopuToHOCHBI OacceliH B COBpPEMEHHOH CTPYKType
IpeacTaBiseT coO0l CHHKIMHOPHI, BBINONHEHHEBIN BepxHepupeicKko-KeMOpHuicKuMu
OTJIOXEHUAM. B HX cocraBe BBIIENSETCS IOBE MOIIHBIE cepuu: BepxHepudeiickas (?)

JlapXaTcKas U BEHI-HIKHEKeMOpuiickas XyOCcyryibcKas.
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JlapxaTckas cepus IIpeACTaBlIeHa CBOeH BepXHEi - apacaHCKOH CBHTOM, KOTOpas

COCTOHUT IIPEHMYIIECTBEHHO U3 TEPPUICHHBIX H BYJIKaHOTCHHO-TEPPUICHHBIX NOPOJ -
JIEBPOJIMTOB, IIECYaHHKOB, Ty(PONECYAHHKOB, TI'PaBEIMTOB 3E€JIEHOr0, ceporo, Oyporo,
peXxe JIMIOBOrO IBETOB C OTHEABHBIMH IIPOCHOSMH CEpPhIX C KPEMOBBEIM OTTEHKOM
NETUTOMOPPHBIX TOJOMHTOB ¥ ¢ JMHH3aMH (1-2M) cephIX TOHKO3EPHMCTHIX M3BECTHAKOB
C OHKONMHTaMH. MOIMHOCTH CBUTHI - 1o 1500M.

XyOcyrysapcKas cepusi HECOITIaCHO 3aJIeracT Ha apacaHCKOM CBUTE apXaTcKoH

CEpPHH WU TOApPA3JEIIeTCS Ha TPH CBUTHL HIDKHIOIO OHTOJHUKCKYIO (TodochopHUTOBYIO),
CPETHIOI XACIHCKYIO (GocHOPUTOHOCHYIO) M BEPXHIOI SPXAMHYPCKYIO (KapOOHATHYIO).

OHrommkckas CBHTa OTAENCHA OT  JapXaTCKOH CepHH  pa3MBIBOM, B €€

OCHOBaHHH BbIfie/seTcs OasaibHBI TOPU3OHT M3 KBapIEBO-IOIEBONIITATOBBIX
IIECYAaHUKOB M I'PAaBETUTOB MOIMMHOCTEIO 2 - 15 M. OHM CMEHSIOTCS CEpHIMH CIOUCTHIMH
A MACCHBHBIMHM JOJOMHTAMH, HHOTJA OKPEMHEHHBIMH, C DPEIKAMH OHKOIMTAMH, C
“BOJIOPOCNIEBEIMH ~ TEKCTypaMHd. 3aBepmiaeTcs paspe3  KoHIVIoMeparo-Opexumeit
OIOJI3HEBOrO XapakTepa, B KPOBJE KOTOPOH HMEIOTCS Clefibl  pasmbiBa. MorHocTs
cBuThl Konebnerces ot 300 xo 400M.

3.A.XKypaBneBa u3 OTIOKEHUH CBUTHI onpenenuna Ambigolamellatus horridus 7.Zhur.,
Volvatella vadosa Z.Zhur., Vesicularites sp., Ha OCHOBaHHH 4€T0 BO3pacT €€ ONpeeNieH
Kak 1ogoMckuif (rmo mkane Cubupckoit nnardopmbl) WK BeHACKHI.

3ajerarolasi BBIINIE XOCOHCKAs CBHTA nmoapasacisieTCa Ha TPU ITaYKH. Huxusas

mayxKa CJI0XKCHa TIJIHHHUCTBIMH H3BCCTHAKAMHA H H3BCCTKOBUCTBIMH CJIAHIIAMHU C
JJUH30BUIHBIMU TCJIaMH H3BCCTKOBO-ILOJIOMHTOBEIX 6peK"II/II7I H KOHTJ'IOMepaT06p€K‘II/IfL

CoOCTBEHHO TPOAYKTHBHOM - HOCHOPHUTOHOCHOH SABNAETCS CPEedHss ITauka, B KOTOpPOit
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3aKII0YEHbl BCe OCHOBHEIE (ochOopUTOBBIC rOpU30OHTH Xybcyrynsckoro 6acceiina. Ona
CIIO)KEHA YepeHOBAHHEM TOPHU30HTOB (GOCHOPHTOR CO CIOMCTEIMH W MAaCCHBHBIMHU
H3BECTHIKAMH H JOJOMHTaMH, HHOTJA ¢ KPEMHHUCTO-aJIEBPUTO-TIIMHACTHIMY CIIAHIIAMHU 1
KpeMHsIMU. Bcero Ha pa3HbBIX ydacTKaX BhLIENsSeTcs 10 ITH (HOcGOpHTOBBIX IIACTOB
WIM TOPU30HTOB, KOTOPBIE CYMMapHO cOCTaBIsIOT 10-15% MOIMHOCTH NPOXYKTHBHOH
nayky. BepxHsisi mayka HauMHAETCsl ¢ TOPU30HTa YEepHBIX OecdochaTHBIX KPEMHHCTHIX
TIOPOJ, MOIIHOCTBIO OT HECKONBKUX METPOB A0 SOM, KOTOPBIE CMEHSIOTCS  AONOMHUTAMH
W HU3BECTHSIKAMH C 3aMETHOH NPUMECBIO TIMHHUCTOTO M IIECYAHOTO MaTepraia.
MoOIHOCT X3C3HCKOU CBUTHI B PA3HBIX YacCTSIX XA3COHCKOH CHHKIHHAIM KojeOnercs oT
350 no 600M. B moponax Bcex Tpex uacteil cButhl 3.A.KypaBieBoil ObUT OOHapyXeH
KOMIUIEKC MHuKpodutonutoB Nubecularites catagraphus Reitl, N.parvus Z.Zhur,
N.densus Z.Zhur.,, N.angulatus Z.Zhur., Radiosus marginatus Z.Zhur., Osagia senta
Z.Zhur. Hamu u3 cpenselt ¢oc(OpHTOHOCHOH 4acTH OBUIM BBIICJICHBI M OIPENEIIEHEL
Archaeooides granulatus Qian, Tasmanites tenellus Volkova, Spirellus sp. a Takxe
HHATYaThle HHaHOOAaKTepHH MoNo0HBIe Microcoleus, ¥ IpUHAANEXAINUE OIIHCAHHOMY H3
JPEeBHUX TOMI poxy Siphonophycus. IIpucyTCTIBYIOT CcHeAyrOmue BUABI S. robustum
(Schopf) Knoll ez al., 1991, S.typicum (Hermann) Butterfield 1994, S. solidum (Golub)
Butterfield 1994, S. septatum (Schopf) Knoll et al, 1991 wu Oscillatoriopsis obtusa
Schopf, 1968. (Paro3una, 1993). BonbIIHHCTBO MEPEUHCIEHHEBIX (OPM BCTPEUaeTCs KaK
B JTOKEMOPHHM Taxk H B HHXHEH 4acTH KeMOpus, Ho Archaeooides, Tasmanites, Osagia
senta v pan xararpaguit (Nubecularites) W3BECTHHI, TOJBKO HAauMHAsS ¢ TOMMOTCKOIO

spyca. C YUY€TOM TOI'O, YTO B BBICICKAIINX OTIOXKCHUAX 3pX3JIHprKOﬁ CBHTEI
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BCTPEUAIOTCA OCTATKH aTAa0aHCKUX apxeoluaT M TPUIOOHUTOB, BO3PAaCT X3CIHCKOM
CBUTHI CUMTAETCS HHUXHEKEMOPUHCKUM - TOMMOTCKUM.

Brrue X3C3HCKOH CBHUTHI C YETKO BBIPOKEHHBIM pa3MBIBOM 3ajleraet
SPXOIHYpCKasd, B OCHOBaHHH KOTOPOH BhenAeTcsa OasaibHasd Mauka MOIHOCTEIO g0 40
M, CJIOXKEHHAs NECYaHWKAMM C TPABEIMTaMH, OpeKUYMsIMH C KpPYIHBIMEH OOJOMKaMH,
TIECYaHUKAMH, COCTOSIIMMHU M3 IEPEOTIOXKEHHBX (ocdaTHBIX 3epeH. OHa cMmeHsdercs
naykoif MormHocThio n0 200M IperMymeCTBEHHO NOJIOMHTOB, MHOIZA TIHHUCTHIX, €
OpOCHOSAMH TEMHO-CEphIX KpeMHeH.  BepxHss YacTh CBHTHI CIOXKEHa  TONILeH
MomHocTeIO Oonee 1500 M B OCHOBHOM CEpEIX, TEMHO-CEPHIX M3BECTHIKOB C IIPOCIIOSIMHU
IJIMHUCTBIX CJIAHIIEB, TEMHO-CEPBIX KpEeMHEH, ¢ ydacTKaMHu Opexkdu#i ¥ ¢ OTAEIHbHBIMH
MPOCHOSMUA  JIONOMMTOB. B 3TOH TOJNIE NPHCYTCTBYET HECKOJBKO TOPU30HTOB C
TpUIOOHTAaMH M apxeonuaramu. B paspesax mo pexkam Xacsd u Onromuk Kopobos
(1960) obuapy:xun a8a ypoBHs ¢ Tpriodburamu. HmwkHuit Haxoxures B 400-450 M BeIme
OCHOBaHUS CBUTHI M CONEPXXUT Archaeaspis sp., Malykania ongoloca Korob., Elganellus
dilatatus Korob., E. pensus Suv., E.elegans Suv., Eprobus Suv. E.elongatus ERom.,
Resserops kharganicus Korob., Pseudoresserops obesus Korob., Minusella priva Korob.
Bropoit ypoBeHp pactonaraercs B 250 M BbIIIIe TEPBOTO H OXBATHIBAET HHTEPBANI B 250M.
B Hem comepxarcs: Bulaiaspis taseevica Rep., Fallotaspidella chesenica Korob.,
Fallotaspis mongolicus Korob. Ocrarku apxeommaT B JaHHBIX pa3pe3ax He
oOHapyXeHbl, HO B palioHe YpyHaymu-Yna B 16 KM K CEBEpO-CEBEpO-BOCTOKY OT
pa3pezoB o pexaM Xa3c3H U Onronuk B 60-x romax A.B.Wnbun c ugersipex ypoBHel
SPXINHYPCKOH CBUTEHI coOpall apxeonuart, KoTopsie Obuti onpenenentl WU.T.XKypasnesoit

(Mneun, XypapneBa, 1968). IlepBrri ypoBeHb HpPHOIM3HTENBHO COOTBETCTBYET
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HIDKHEMY TpUIOOHTOBOMY KOMILUIEKCY M 3aKII0YaeT: Archaeolynthus  sp.,
Rotundocyathus sp., Nochoroicyathus howelli (Vol.). Bropoit ypoBens Haxomutcs B 250
M BBIIIE U CONEPXUT: Rotundocyathus ex gr. kemtschikensis (Vol.), Nochoroicyathus ex
gr. mariinskii Zhur. B 150 M BeImie (TpeTuit ypoBeHb) BcTpedeHsl Rotundocyathus sp.,
Kaltatocyathus sp., Tumuliolynthus sp., Nochoroicyathus sp., Capsulocyathus sp.,
Dictyocyathus sp. Y, nakonen, eme B 400 M BBImIe (YeTBEpTHI ypOBEHB) HaXOMATCS
Nochoroicyathus ex gr. mariinskii Zhur., Rotundocyathus ex gr. salebrosus (Vol.),
Tumuliolynthus ex gr. karakolemsis Zhur., Dictyocyathus sp., Dictyofavus bipartita
(Vol.). Ha ocHoBanmM aHanm3a BCEH INEpPEYUCICHHON (ayHBl BO3pacT 3IXIPHYPCKOH
CBHUTBI OIIpeJiesseTcs Kak nosgne arnadanckuii. Camas BEepXHSS 4acTh, OJHAKO, MOXET
OBITH OTHOCHTCS YKE K 0OTOMCKOMY SpyCy.

B paitone Byp3HXaHCKOrO MECTOPOXKACHHUA B OTIOXKEHHSAX  BepxHed dYacTu
SJIX3PHYPCKOH CBUTHI TAKKE H3BECTHBI MHOTOUHCIIEHHBIE HAXOKN apXeOIHaT:
Palaeoconularia  baileyi (Vol.), Sibirecyathus naletovi Vol, Formosocyathus
vermiculatus (Vol.), Tubericyathus clathratus Vol., Clathricoscinus vassilievi (Vol,),
C.dentatus (Vol.), Claruscoscinus billingsi (Vol.), Archaeocyathus operosus (Zhur.)
(onpenenenus A.JO.XKypasnera), cBHIETENRCTBYIONME O OOTOMCKOM BO3pacTe.

Ha »snxspHypcko#f CBHTE € HEpepbIBOM 3aJ€TaloT TY(OreHHO-TEPPATreHHEIS

MOPOBI YXYTOJIOTOHCKOM CBUTHI MOITHOCTEIO 10 500 M. B Hell y 10HON OKOHEUHOCTH

03.Xybcyryn B paspese YarsH-Calip HNpUCYTCTBYIOT apxeouuaTsl (OIpeAeieHus
WN.T. XypasneBont): Irinaecyathus ex gr. ratus (Vol.)y u Pycnoidocyathus sp. (Unpun,
1973). Bo3pacT yXyToJIOroicKOi CBUTHI HA OCHOBAaHHM HAXOIOK 3TOi (ayHBI orpenelicH

KaxK OOTOMCKHIL.
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TMomyyeHHBIE MaTepuaibl [O3BONHIN YTBEPXKIATh, YTO XOTHA INIABHOH 31OXOH
npeBHEro (ochaToOHAKOIUICHNS JONroe BPEMs CUYHTANACh BEHJ-PaHHEKEeMOpUIHCKas
(SIamuH, 1964; Suamwn, 1982; Sxmun, XKapkos, 1986; Unbun, 1990) , Ha camoM nene,
YTO XOpOIIO BHJHO W H3 pPETHOHAIBHBIX MaTepHanoB no XyOcyrymy, ee IHK
IIPUXOTUTCS Ha OYECHb Y3KUH HMHTEpBaJ BPEeMEHH - TOMMOTCKHi Bek (JlyBcampmaBssaH,

Pozanos, 1984; Pozanos, 1992; ['epacumenxo u dp., 1996 ).

IHaneoreorpadus

CDoé(bopI/ITLI XybCyrynscKoro bacceitna BCEMH HCCIIe0BATEISIMU
ACCOLMUPYIOTCS C MOPCKUMH oTokeHusMH. O mnaneoreorpaduueckoil obcraHOBKE
BPEMECHH HX HAKOIUICHWUS OBUTH OMyOJNMKOBAaHBl JOCTaTOYHO HPOTHBOPEUHBHIE
npexncrasieans (Wnpun, 1973; 1990; 3aitue, 1982; 1992; Snmmn,1982; bamba, 1987).
Ckopee Bcero 3TO MPOUCXOAMIO OT TOTO, YTO ABTOPHI CTAPAUCH IPUHOPOBHUTHCS K
OBICTPO MEHSBIINMCS TOrAa TEKTOHMYECKHM MOCTpoeHHSM. M XOTs ceromHs gajneko He
BCE SCHO, BCEe k€ Habop (DakTOB, 3HAYMTENBHAS YacThb KOTOPHIX paHee BooOlie He
OpPUHEMANACh BO BHEMAHHE, IO3BOJISET OIKCATh JOCTATOYHO BEPOSTHYIO KapTHUHY
GacceifHa, B KOTOPOM IIPOHCXOAMIO ochaToHaKOIICHHE.

Pezuonanvuo-zeonozuuecxkue Oaunvie: (1) Paitlon pacnonoxer B obnacth
JIOCTATOYHO aKTHBHOM nepudepuueckoit vactu Cubupckoro kparona. (2) [Ipoaykrusnas
TommIa (MM X3CIHCKas CBHTA) MOIIHOCTBIO oT 350 1o 600 M BeposTHee BCEro mMeeT
TOMMOTCKMIL BO3pacT. OTJIOXKEHHUS, OTHOCHMBIE K arJabaHCKOMy SpyCy, HMEIOT
MOIIHOCTE OKoJo 2000M, k GoTroMckOMy M ToifoHCKOMY - 500M. To-ecTh MOIMHOCTH

0CaJIKOB HHXHero xemoOpms B XyOcyryneckoM OacceitHe oxono 3000M; aHANOTHYHYIO

40




MOIIHOCTh HMEIOT Pa3pe3bl HIDKHEro KemMOpus Ha roro-3anage CHoupckoit miaTdopMel.
(3) lupuHa BRIXOJIOB HUXHEro KeMOpHs B HCCIIEJOBaHHOM paiione okoio 80 kM, u
IIOCKOJBKY 3TO JOCTAaTOYHO MpOCTasl CUHKJIHMHAIBHAS CTPYKTypa € OYEHB KPYTBIMH
yIJlaMH, TO INMPHHA ToM udactw Oacceifna, rae mpoucxoauno (ocdaroHakoIUleHne, He
moxeT ObiTh Menee 160 kM. (4) Ilo BceM mpencrapieHHsSM, CYIIECTBYIONMIAM Ha
CEroJHs, Ha CeBepo-3amane ¥ ceBepo-BOCTOKe XyOCyrynbcKuil OacceifH MpHUMBIKaT K
JIBYM TIOTHATHAM - Myp3uHckomy U Boctouno-Xybeyrynsckomy (Mnmsun, 1973) u
coobmancd Mexny Humm c OacceifHom Cubupckoit rurardopmel. Ha rore o wmor
COEIUHATRCS ¢ ApyruMu Oacceiinamu Anrtae-CasHckol ckiamgaroit obnacta u Kuras.
(5) IlaneoMarHuTHBIE MOaHHBIE, CTEIEHb KOPPEKTHOCTHM KOTOPBIX  HE BBI3BIBAECT
COMHEHHH, UMEIOTCA 110 0ro-Boctoky Cubupckoit mnardopmser (Kirschvink, Rozanov,
1979; 1984; Kirschvink et al, 1991; Evans ef al, 1996) u no J[3abxauckoii 30He
(Kirschvink ef al., 1987). D11 nauHble HO3BOJISIOT IPEAIONIAraTh, 9To 0b6a pernoHa Obun
pacronoXeHbl B IpelellaX 3KBAaTOPHAIBLHON 30HBI M PACCTOSHHE MEKIY HHMH
BO3MOXXHO OBUIM CETONHS NPUOIU3UTENLHO T€ XK€, YTO U B paHHEM KeMOpHHL.
Buozeozpagpuueckue u  naneonmonozuveckue Oannwte. (1) Ha  yposue
IIPOAYKTHBHOM IauyKH BCTpeUYeHB! OOMIBHBIC HHUTYATHIE IHAHOOAKTepHH, obpasyromue
MaThbl, YTO HpeaonpeaenseT odpazoBanne 0cagkoB B POTHUECKOMH 30HE (IIEPBBIC JNECITKH
METPOB IJTyOMHBI), a IIMPOKOE Pa3BHTHE MATOB YKA3BIBACT HA JOCTATOYHO CIIOKOHHEIC
ruapogHHaMuyeckue ycnopud. OOpamaer Ha ce0s BHHMaHME OTCYTCTBHE HOPMasbHOM
Mopckoit dayHbl. (2) B HEKOTOPEIX NPOCNOSIX HA 3TOM YPOBHE YCTAHORIEHEI aKPUTAPXH
(buronnanxtoH) Tasmanites, Leosphaeridia ¥ OJHOBPEMEHHO C HHMMH JOBOJILHO

cneuuduyeckue M pasHooOpasHele Archaeooides. ITlocneanue wsBecTHBI B IOXHOM
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Kurae u HOxHOI ABCTpasiMu M cKOpee BCETO YKa3bIBAIOT HA JMM30JUYECKUE IOXHBIE
ces3u Oacceitna. (3) JlpeBHeitnmie TpumoOuTHl (cepenuHa atnabaHa) NPEACTaBIEHBI
polaMH ¥ Jake HEKOTOPBIMH BHJAMH, OY€Hb THIIMYHBIMH JUIS “‘3alafHBLIX” paspe3oB
Cubupckoit mratrdopmsr (XomeHnroBckuii, Permuna, 1965, Pozanos, Coxonos, 1984,
Penwna, Pozanos, pen., 1992). Kpome Toro, 9TH TPHIOOMTHI CBS3aHBI C
HCKJIIOUMTENFHO MeNkoBogHeME  Garusamu  (Penmua, 1982). (4) Apxeonuarsl,
OOHApYKEHHBIE B OTJIOKEHHAX BTOPOI ITOJIOBHHEI atnabana H OOTOMEI - THIIMYHO AJITae-
Cassackue (M Jaxke Oosiee TOYHO - TYBHHCKHE). ApPXEOLUaTOBO- BOJOPOCIEBBIE
OHUOTEPMBI - TAKCKE II0KA3aTENb MEIKOBOAHOCTH.

Jlumonozuyeckue Oannvie. (1) Jlna MHOTUX TOpOJ, NOACTHIAIOIIMX
IPOAYKTHRHYIO IIauKy, AJII caMOd HPOAYKTHBHOH IaYKH M INEPEKPHIBAOIIUX MOPOL
YacTO XapakTepHa TOHYAMIIAs CIOUCTOCTh. B MPOAYKTHBHOH IIadyke OHA COYETACTCs
uHorga ¢ MukpocrpoMaronutamu. [lo maraemv  A.B. Uneuna (1990) u 3.A.Eranosa
(IlIxoneumk, barypun, ped., 1998) =Ha cesepe OacceliHa BCTPEYAIOTCS TPEHIMHBI
ychIxaHusd. BmecTe ¢ TeM Ha HEKOTOPBHIX YPOBHSIX HMEIOTCH HeOosplIKe IpPOCIIOH
ayTUreHHBIX Opexuui minn ©6aMOyKOJHCTHBIX KOHIVIOMEDPAToB. Bce 3TO yka3plBaeT Ha
MEJIKOBOAHBIH, IOBOJIBHO CIHOKOMHBIM € THAPOAUHAMHMYECKON TOYKH 3peHHUS PEXUM
0CaJIKOHAKOIUICHHS, HHOTHA IpepbIBaBUIHiicS JHOO IITOPMOBBIMH COOBITHSMH, JTHOO
3emiieTpsceHusMH (MoperpsiceHusMu). (2) XapakTepHO OTMEYaeMOe€ BCEMH OTCYTCTBHE
[JIAyKOHWTA, YTO B COYETAHWH C APYruMu npu3Hakamu (Ba/Sr) MoxeT roBopuTs 0
HECKOJIBKO HApyIIEHHOM coleBoM pexume. (3) MHoruwe wucciaenoBaTeny OTMEYaroT

HCKJIIOUUTENEHO MaJIO€ KOJIMYECTBO TEPPUTeHHON (pakuuu B opoaax docharonocHoit
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tomuu (WMmenn, 1990; llkonbuuk, Batypun, ped., 1998), uto MoXKeT CBHICTENHCTBOBATE
0 [IEHEeIUICEHHU3allN1 CYIIH, MIPHMBIKAIOIIEeH K CeBEpO-BOCTOYHOH dacTh Oacceiina.
Teoxumuyeckue Oannvle . Vzydenne reoxuMudeckux ocobernocreit Gocdopuron
STOro paioHa IPOBOAUIOCH HEOMHOKPATHO, HO OCHOBHOM akKIeHT OBUI CHENaH Ha
TEOXMMHYECKHE XapaKTePHUCTHKH, CBA32aHHBIE C IIPOMBIIUICHHBIM HCITOJIB30BAaHHEM
dochoputoB (conepxkanme S, Cu, Cr, Co, Ni, Pb, Ba u 1.1.). C TOoUKM 3peHHA
ucnoib3oBanus gochoputoB Xydeyrynsckoro docdopurosoro HacceiiHa B KadecTBe
’MOZIENBHOTO 00BEKTa” MOTYT, OJHAKO, MPENCTABNISITh HHTEPEC HEKOTOPHIE AaHHEIE IO

C,pes St, Ba, Nd.

opr>

C

Cipr.  OOprumnie comepxanms C,, B (QocopuTax OKa3BIBAETCA NOCTATOYHO

opr.
HuskumA (0,34-1,5 %), X0t B psAAe cllyyaeB yKa3sIpaloTcs 3HaueHus 10 1,65%. (Mbus,
Bam6a, 1980). B 1o BpeMs BO BMEMAIOIMUX HNPOAYKTUBHLIC TOPH3OHTHI JOIOMMTAX H
U3BECTHSAKAX cojepxutca oberuo 1,04 - 1,44 %. B mnemom, comepxanme C,,. B
Xyocyrynsckux pochopurax 3Ha4MTENBHO BhIIE, yeM B Kapartayckux (Kazaxcran), rae
COXPaHHOCTH OaKTEepHAJILHBIX OCTATKOB 3HAYUTENHHO XYXKE.

Sr. Kax ykassBatror A.B. MUimbun u XK.Bsamba (1980), K.A.Huxudopos u ap.
(1995), comepXanus CTPOHIMSA XOpOWIO KoppemupyeTcs ¢ comepxanuem P,0; T.e
MIOBBILIIEHNE COLEPXKAHMS Sr CBsI3aHO ¢ NOBBIeHHeM coepxanus P,0;. Cpennue
coaepxanms St - 0,05-0,06 %.

Ba. Conepsxanne 6apusi B ¢pochopuTax ZocTaTouHo BEICOKO (cpennee 1400 r/1) u

B 3HAYUTEIHLHONU MEPC KOPPCIHUPYCTCA € COALPIKAaHUCM Sr. CooTHoleHue CTPOHIINA U

bapus xonebierca B kanapax ot 0,04 mo 0,33, B ckBaxkmnax - oT 0,47 101,28 wu, eciun
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BEPUTh PAcCY)KJICHHMsSIM O Nokaszarene St/Ba, xapakrepu3yeT He BIIONHE HOPMAJIbHBIC
(orpecHEHHbIE) MOPCKHUE YCIIOBUSL.

Nd. Becema uHTepecHBIE, XOTS W He Oe3yClOBHbIE NAHHBIE OBUIM IIOTYyYEHBI
B.M.BurorpagoBeiM u A.O. JlykammHbeiM (1994) npum HCCIIeOBaHHH H30TOIHOTO
cocraBa HeoguMma B (docdopurax XyOcyryna u Byperxana. ABTOPBI YTBEPKIAIOT, UTO
H30TONHEBI COCTaB HEOAWMa CEphe3HO OTIHYaeTCd Ha 3THX JBYX Ipymnmax
MECTOPOXICHUH, PACIIONIOKEHHBIX JApYr OT Apyra Ha pacctossHu 100 KM, U TOBOPHT O
ToM, yTo XyOcyrynnsckuii OacceitH (mim dacth GacceitHa) muTajack 3a CYeT JpeBHE
CHAIIMYECKOM KOPBI C NPEAIIONIOKATEIBHBIM B03paCTOM‘ OKOIIO 2,2 MIpH. JeT, a
Bypenxanckuit 6acceifH - 3a cueT MOJIONOH KOHTHHEHTaIbHOH Kopel (~ 0,8 Mupn ner)
VUTH CMELIAHHOTO BEIIECTBA KOHTHHEHTANBHON I OKEAHHYECKO KOp.

TaxkuM o6pazoM, Hambosiee BEPOSITHBIM SIBIISETCS IIPEANIONOKEHUE, YTO padoH
XyOcyrynpckoro OacceifHa TpencTaBisLI co0OK0 B MOMEHT HakoIUleHHA (ocopHTOB
HeKuil OacceifH THIa 3ayMBa, a BpeMEHAMH MPONHBa, 0YEHb MEJIKOBOJHOTO, OOBIHHO C
IIACCHBHOM T'HIPOAMHAMHUKOW, HO BpPEMEHAMH HapylmaBlIeHcs 3eMICTPICEHUSMH M
MopeTpsiceHHssME. OCHOBHBIM  NPOJAYLEHTOM  OPraHHYeCKOro  BeiecTBa  ObUIH
nuaHoOaKkTepuanbHble Mathl. OKpyKarolmas cyma Obllia CHJILHO IEHEIUICHe3HPOBaHA.
CeBepHBIE YYACTKH CYIIHM OBUTA CJIO)K€HBI B OCHOBHOM ITOPOJaMU KOHTHHEHTAIBHOR

KODBEI, B TO BpEM KaK B FOKHOH YaCTH NOSABIAIOTCS 3JIEMEHTE OKCAHHYSCKOH KOp&BI.
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XapakTepucTHKa Xy6cyryabckoil 6HOTHI

“Xybcyrynbckas” Owmora Obula IIpeACTaBI€HA BEPOSTHO B OCHOBHOM
coof1ecTBOM MUaHOOAaKTEpHATBLHOIO MaTa, KOTOPbIH coxpaHmics B ¢pochopHTax B BUAC
MHKPOCTPOMATOJIUTOB, MHMKPOOOJMTOB H MHKpOXeNBakoB. Ilocienuue, mo Hammm
HabIIo#eHusIM, pe3Ko HpeobnanaroT. PazMep MHKpPOXKENTBAKOB OOBIYHO IECATKH A
COTHH MUKpoH. Kax mpaBmiio B MHUKpOXeNBaKaX HaOIIONAETCsl COYCTAHHE HUTYATHIX
dbopM C pasHBIM IHAMETPOM HHUTEH u (OpPM OKpPYIJIOrO, BEPETEHOBHTHOIO U
TaHTEeNeBUAHOTO TabuTyca. BeposTHOo, yXe celiyac MOXKHO OTIMYHTH KPHCTAIUIBI
docdara (McKay, Rozanov, Hoover, 1998) B u ma creHKax uuaHoOakTepuii oOT
TICEBIOMOP(O3 110 Ty PIIy PHEIM (?) v maBIM OakTepUsM Mata.

Kapruna, Habmogaemas B XyOcyryasckux ¢ochopurax (OKpyKEHHE HHTUATHIX
aHO0aKTepui MHOTOYHMCHEHHBIMU OakTepHaNbHBIMKM  KIETKaMHU), THUIHYHA JUIs
COBPEMEHHEBIX LIMaHOOAKTEPHAIBHBIX MaTOB. IIpHMEpOM MOXET CIyXHUTh ralo(QUIBHBIH
MaT, TJe K BEPXHEMY CIIOI0 [HaHOOAKTepHil CHH3Y HEIOCPENCTBEHHO IPHMEIKACT
MOILHBIH CJIOH MypIypHBIX GakTtepuit u3 ponoB Thiocapsa (KOKKOUIHBIE KIETKH) HITH
Chromatium (oBongsbple I ieTkd). Ilpy MuHepamm3anuu NepBBIX 00pa3yroTCs
ro0yJIsspHBIE, @ BTOPBIX - TaHTENEBUIHBIE CTPYKTYpBl. OTH OakTepud B CIIIY
MHOTOIpaHHOCTH 0OMeHa (CTIoCOOHOCTH K POCTY B a3pOOHBIX H aHA’POOHBIX YCIIOBHSIX)
BBIITOJIHSIIOT 3AIMUTHYIO QYHKIHIO B MaTe. OKUCIAA (OTOCHHTETHYSCKUM KHCIIOPOJIOM
OpraHHYecKHe BELIECTBA, KOTOPHIE BRIACISIOTCS MHAHOOGAKTEPHIMU KaK [IPH KH3HU Tak
U TI0CJIe CMEPTH, NMypHypHbIE OakTepHH 3aIUMINAIOT OT KHCIOPOAA HHXKeEeKallHe CIOH
MaTa, I'ie pa3BUBAIOTCS CTPOTUE aHa’poOBbl, CYIb(PATPEAYKTOPHl H METAHOT€HEL.
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I'ene3unc pochopuron
MHoro pa3Horiacuii ©MeeTCsl i IO ITOBOAY I'eHe3Mca U HCTOYHUKOB (ocdopa B
Xy6eyrynbsekux Gochopurax.

I[To wmuemmo A.B.Mnmsmra (1973; 1990) <bopMHﬁOBaHHe bochopuros
MPOUCXONMIO TOCPECTBOM BHIMAJEHHS WX B OCANOK W3 HAIOHHBIX BOX ( a He
IOPOBBIX), TO-€CTh XHMMYECKUM (OpTOXHMHUUecKuM) IyTeM. OnHaxo B mociexHel
pabore WMimpun (Ilyin, 1998) Ha ocHOBE M3ydYeHHS PACHPOCTPAHEHHUS PEIKO3EMENBHBIX
AJIEMEHTOB IIPUXOJUT K BEIBOAY, 4TO ¢ochop B 3HAUMTENBHOH CTENEeHH BBIIANACT Ha
rpauune ocaxox/Bonma. llocryruienme ¢ocdopa OH CBI3BIBaE€T € pa3pyHICHHEM KOp
BEIBETPHBAHMS U TOCHIEAYIONINM IIEPEOTIOKEHHEM IPOAYKTOB paspymeHus. Ty xe
TOUKy 3peHHs BhIcKazanmu [.W.Patumkoma (1982), wusyumBmas mnetporpadudeckue
ocobennocTu Xyocyrynsckux ¢pochopuros, 1 1M.H.Cemeiikun (1988).

Brmuszkoro muenus npuaepxuaiuck AJL Sumua u M.A.XKapkos (1986), B
HAaKOIUICHMH  XyOCyryneckux  (GocopuTOB  OCHOBHYXO pOJb OHH  OTBOJHIIM
XEMOT€HHOMY OC&KICHWIO, a OCHOBHBIM HCTOYHHUKOM docdopa CUHTAIH
BYJIKAHOTCHHBIH.

CTOpOHHMKOM XEMOTEHHOI0 (BYJIKAHOIC€HHO-XEMOTEHHOIO0) CIIoco0a OCaXACHUs
xy6cyr(ym>cr<nx docdopuros Beictymam u H.C.3aitnes (1982; 1992). ®ocdop u
COINYTCTBYIOLIMI €My KPEMHE3EeM II0 €r0 MHEeHHIO MOIJIH IIOCTYIIaTh B MOpPCKO# Gaccelin
C PeUHBIMH BOJAMM M BMECTE C NOJBOAHBIMH BYIKAHHYCCKHMH MPOIYKTaMH U3 Gonee
WM MEHee OTJalleHHBIX oOnacTell (Hanpumep, u3 JIKUIWHCKOH 30HEI).

K.bsamba (1987) mucan o OGHOreHHO-IHATCHETHYECKOM reHesuce GochopuTos.

OH cuHTan, 4T0 XOTI IVIaBHBIM HCTOYHHKOM ¢ocdopa B MupoBoM okeane OBLI
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KOHTHHEHTAJIBHBIH  CHOC, HO  ¢opMupoBaHHe  XyOCyrynsckux  ¢ochopuTon
OCYILECTBIISIIOCH OHOTEHHBIM CIIOCOOOM.

W, nakonen, paboTsl, IpoBENECHHEIE B IOCHENHAE TOABI B I1aneoHTONOrHYECKOM
HHCTUTYTE IIOKA3alli, YTO BCE MENbYaiilliie 3¢pHa, B3 KOTOPBIX COCTOAT XyOCyrynbckue
bochoputsl, npeacrapismor cobor MukpoxemBakn (100-350 MM B amamerpe),
chopMUpOBAHHBIE NpPH YYaCTHH OpPraHHW3MOB OaKTEpHATHHON OpraHu3alliyl, CcKopee
BCEro IuaHOOaKTEepHil M NypIypHBIX Boxopocied. Cpenu HUX PEaKo BCTPEYAIOTCS
IUTAHKTOHHBIE (DOPMBI - YK€ yrroMuHaBImnecs Archaeooides, Tasmanites. IlpekpacHas nx
COXPaHHOCTE BLI3BIBACT YAMBIEHHEe. Bee oM, Kak M HAHOGAKTEPHAIBHEIH MAT, COCTOST
n3 ¢ocdara KampIUs U CKOpee Bcero Toxe ObUTH BropudHO QocdaruzupoBadsl. B
KeMOpH1 M3BECTHBI aHAJIOTHYHEIE (JOpMEI ¢ opraHmdeckoit crenxoi (Kemnep, Pozanos,
peo., 1979, Pozanos, Xeramno, 1989; Poszanos, 1992; Rozanov, Zhuravlev, 1992,
I'epacuMenko u dp., 1996 ). Takum o6pa3om, JOCTATOYHO BEPOSTHO, YTO B MPHIOHHOM
JaCTH ¢docaru3upoBanack BCI OpraHpmka. OJTO IO3BONMIO aBTOpPaM TOBOPUTH 00
onpefensfromeii pon Owomormyeckoro ¢akropa B reHesuce XyOCYTYIbCKHX
dbochopuTos.

bnu3koe MHEHHE O MPOUCXOKICHUH XyOCYrymbcKuX (ocGOpHUTOB BBICKA3HIBAIOT
B.H.XononoB (1987), IO.H.3amma (MuptoB u 0p.,1987) u D.A.Eranos

(IDxoneruK,batypun, peo., 1998).

XapakTepucTHKA NPOXYKTHBHOM TOJIIIH H 0TOOP 00pa3ios.
Wsygennsie obpa3usl QochopuToB  Obimet oToOpaHbl W3 IPONYKTHBHON

(GocdopHTOBOI MAYKH B IBYX MECTOPOXKAEHHSX: XyGCyryIbcKoM i BypeHXaHCKOM.
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XYGCYI‘yJ'ILCKOC MCCTOPOXKIACHHC HPOTATHBACTCA C CEBECPA HaA IOT BAOJIDL

samagHoro Oepera 03.XybGcyryn. OcHoBHoe KommdecTBO ¢dochoputa B HEM
COCPEOTOUYECHO B-CPETHEH - IPOAYKTHBHOM - MayKe XOICIHCKOH CBUTHI, OOHAXXKArOIIEHCs
mo Goptam XocaHcKoit cunkimuHamd. CormacHo manHeM Mnswmra (1973, Mnbusa u
Bsam6e1 (1980), Huxudoposa u ap. (1996) oHa  cOCTOMT M3 HECKONBKUX IUIACTOB
dochopura, pazmeneHHbx ¢docdarconepxamuMu u 6echochaTHEIMH HM3BECTHIKAMH,
DOJIOMHUTAaMH, KPEMHHCTHIMA JgosoMutamu. HambGonpmee anciio ¢ochaTHBIX IIACTOB -~
JI0 TATH - BBIABJICHO HAa BOCTOYHOM KphUIe X3C3HCKOW CHHKIMHan4. Ha ocransHOH
TUIOMIAAH B OTJAETBHBIX IEPECCUEHHUAX HACUUTHIBACTCH JBA MJIH TpH IUtacta. Hambomee
BBIZIEPKAHHEIM  SIBIITIOTCS.  YIEPBHIM (HYOKHUMA) 1uiacT MommHocTeo 10-13.0 M, KoTOpHIH
TIPOCJIE’KHUBAETCS TIO Beell CTpYKType Ha nporsxeHun 36 kM. IlaTeni (Bepxuumii) miact
MOIHOCTRIO 18,5 M mnporaruBaercs Ha 18 xm. Jlpyrue 1mmacTel, MOIIHOCTE KOTOPBIX
kostebnercst ot 1,5 no 6 M, IOCTPOEHB! JIMH30BUAHO, TPAHUIBI IJIACTOB IIOCTEIEHHEIE,
IJIACTHI He BRIIEPKAHBI 10 MPOCTHPAHUIO H UX KOPPeNsIusd Jaxe 0 COCETHUM KaHaBaM
saTpypHuTeNbHa. HYDKHME [01aCT CIOXEH YCPHBIMH, YePHO-CEPBIMH  CIIOMCTHIME,
JIHH30BHIHOCIIOUCTEIME KapOoHaTHEIMEA (ochopuramu. Docdar cKOHIEHTPHPOBAH B
OpOCNIOAX TONMIMHOH 1-2 cM mnum oOpa3yer pa3inuyHBle IO BEIHYUHE BBIIEICHUS
HENpaBWIbHOH WM oKpyrioi dopmbl. B momacrax , nmexamux BBIE, IpeoOnanaroT
Opexunesrsie GochopuUTH, cocTAMME U3 OONOMKOB U IIBIO GochOpUTOB M KpeMHEHH,
3aKFOYEHHBIX B JOJOMHTOBOM IMeMeHTe. BepXHMif IUIacT Iayku INOBCIOLY CIOKEH
METIKO3CpHUCTHIMU (ocopruTaMi KapOOHATHOrOo H KapOOHATHO-KPEMHUCTOTO COCTaBa.
Kap6oHaTHbIe ITOPOIBI, pasaeistoniue GocGopuToBble rOPH3OHTHL, MOIMTHOCTRIO OT 5 10

30 M, EIMEIOT CEepBIi, JKEeNTOBATO-CEPHIH, TEMHOCEPHIH HJIM ITOYTH YEPHBIH I[BET, HHOI A
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OHHU 3aKJIIOYAlOT TOHKHE IIPOCION YEPHBIX KpeMHeH. 11 M3BECTHAKOB M JOJIOMHTOB
XapakTepHa  TOHKas CJIOHCTOCTh, 4YacTO  HEpOBHAs, OTHEIpHBIE CIOHKH MOIYT
BBIKJIMHMBATHCS MM HA0OOPOT paznyBaTbcsAd Ha HEOOJBUIOM PAacCTOSHUM, HAOIIOAaeTcs
Cpe3aHue CJIOHKOB, TOPH30HTHI pa3MbIBa, BOJIHHCTHIE CEPHM, OKATHIIIM; BCTPEYAIOTCS
yJactky 0aMOyKONHCTHBIX KOHIJIOMEPAaTOB, MeJIIKUE CHHICHETUYECKHE CKIAJ0YKH,
OpEeKYHH U3 HeNpaBUIBHOH (OPMBI 0OJIOMKOB.

M3yyennsle obOpasuer ObutH oToOpaHsl Ha yuyacTke FOxHpI OHrommx us
pa3BenoyHbIx KaHaB NeNe 7. 15 m 16, roe 4eTko IPOCIEKUBAIOTCS NEPBBIA U IISTHIA
nactsl ¢pochoputoB. Beutn nmpocMoTpersl 00pasubl w3 00OMX INIACTOB M U3 TOHKHX
npocnoeB Gocopuros B MexdochoputoBoil nauke. HaliieHHBIE NaNeOHTONOTUYECKHUE
00BEKTBI BO BCEX CJydasX MMEIOT OJHO W TOXE TpOUCXOXIeHwe. Hammyurmas
COXPaHHOCTh HabMoqaeTcsl B KapOOHATHEIX (pochopuTax.

BypeHxaHcKoe MeCTOpPOXIEHHE pacrojiaraercs B 75 KM IOXHee 03. XyOCyryi.

DTOT paloH NOBHAMUMOMY SBJISETCS OOUIMPHBIM CJIOXHO ITOCTPOSHHBIM OCTaHIIOM
NO3HEIOKEMOPUHCKHX M KeMOPUHCKUX TIOpOJ B KPOBJIE KPYNHBIX HHTPY3UH, €ro
CTPYKTypa HapylleHa CHJIbHOH CKJIaA4aTOCTBI0 H pa3iioMaMH. MHOTOYHCIEHHEIE
BBIXOJIbI IITACTOB (POCPOPUTOB YaCTO H3ONHPOBAHE! APYT OT Apyra U OpHEHTHPOBAHEI B
CaMbIX Ppa3HJMYHBIX HaIpaBICHUSX. 3mecs, TakkKe Kak Ha XyOCyrynbCKOM
MECTOPOXKACHHUM, BBINEISIOTCS apacaHCKas, XOJCOHCKas M IPXITHYPCKas CBHTEHL
OCHoﬁHme 3anmacsl  (GOCHOPUTOB  COCPENOTOYECHB! B XICIHCKOM CBHTE B TOPU3OHTE,
nexameM B 70-170 M Bellle ee OCHOBAHMSA, B HEM HMeeTcd [0 CEeMH IUIACTOB
($ochOpUTOB, MOIIHOCTH OJHOTO W3 HHX JOCTHMaeT 55 M. B ormuyue ot

Xybeyrynbckoro Ha bBypeHXaHCKOM MECTOPOXKIACHUM TNpeoOaanaloT KpPEMHUCTHIE
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dochoputer, W Tropazgo MeHBIIE pPacHpPOCTPaHEHBI KPEMHHMCTO-KapOOHATHBIE U
kapOoHaTHBIe pasHOocTH. OOpasusl B3sITHL B palioHe noc.bypenxan u3 kapsepa 1-ro
ydJacTKa U3 NPOAYKTHBHON IaYKH.

B o6meii crnoxuoctH 010 HcciaemoBaHo 150 obpasnoB u3z XyOcyrylascKoro
MECTOPOXKIeHUS 1 25 00pa3noB u3 BypeHXaHCKOro MECTOPOXKICHHSL.

Hannas pabora BemomHena npu nomuepxkke — Poccmifckoro  ¢oHOa
bynnaMenTanpHbIX Hecnegosannii - POOU - (mpoextsr 96-04-48372, 96-05-64130, 96-

64806, 97-05-65069 u 98-05-64765).
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Explanation of the Photomicrographs

O0bsicHenus k pororpadpusv

Figs.1-13 - SEM photomicrographs of recent halophilic cyanobacterial mat
consisting of filamentous, coccoidal and ovoidal cyanobacteria and purple bacteria forms
and from the Cambrian Khubsugul phosphorites with phosphatized microorganisms that

exhibit similar form and size to the recent cyanobacterial mat microorganisms.

O®ur.1-13 -  Hwxke npusopsrcs ¢otorpaduy, CcIENaHHBEIE € IOMOUIBIO
CKaHHPYIOLIEr0 3JEKTPOHHOTO MHKPOCKONAa € OJHOH CTOPOHBI - COBPEMEHHOTO
raJo(UIBHOrO IUaHOOaKTEPHATIBHOTO MaTa, COCTOSALIEro U3 HUTEBUIHBIX, KOKKOMIHEBIX
U OBOMIHEIX (OpM ILHaHOOAKTepHH © W3 NYpHYpHBIX OakTepuil, a ¢ Ipyrou -
xembpuitckux XyOcyrynbckux ¢GpocopuToB, B KOTOPHIX MPUCYTCTBYIOT 0OO0Opa3oBaHMAS
no ¢popMe M IO pa3MepaM OuYeHb IIOXOXKHME Ha OpraHH3MBl M3 COBPEMEHHOTO

HHaHO6aKT€pHaJII>HOFO Mara.
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Fig.1a. Recent halophilic mat. The separate trichomes and trichome bundles of

Microcoleus chthonoplastes ( Fl. Dan.) Thur.
®ur.la. CoBpemeHHBId ramodmubHBI MaT. Microcoleus chthonoplastes

(Fl.Dan.)Thur. mpexncraBieH Kak OTAEHHHBIMH HHUTSIMH, TaK M B BUIE

TECHO NEPCIVIETAIONINXCA XKTYTOB.

Fig.1b. The fragments of phosphatized cyanobacterial filaments of

Syphonophycus ~ (possible ancient analog of Microcoleus) from

Khubsugul phosphorite.

@ur.1b. @parMeHTHI dbocdaT3znpoOBaHHBIX HUTEH nranobakTepuit

Syphonophycus  (BeposTHO, JOpeBHHH aHanor Microcoleus) u3

Xy6eyryascknx (pochOpHTOB .

58




X-85-15-12




Fig.2a. Recent halophilic mat. The occurrence of many trichomes within a
common sheath is characteristic of Microcoleus spp.
®ur.2a. CospemeHHbIH ramodunpHe Mar. HeCKONBKO HHTEH OMETHl OIHHMM

06IlII/IM CIIU3HUCTBIM YUCXIIOM.

Fig.2b. Phosphatized cyanobacterial filaments of Syphonophycus from Khubsugul
phosphorite.
@ur.2b. QocdarusupoBaHHble HATH 1uaHOOakTepuit Syphonophycus w3

Xybeyrynbekux ¢ocopHTOB.
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Fig.3a. Recent halophilic Ihat. Trichomes of Microcoleus chthonoplastes crawl
from sheath. Individual cells can be seen.

Our.3a. CoBpemMeBHBIH ranodunpHB MaT .“Beimon3zanne” HUTEH (TPHXOMOB)
Microcoleus chthonoplsastes w3 cimsucroro yexnma. Ha Tpuxomax

pa3InYHMBI OTHCITBHEIC KIICTKH.

Fig.3b. Possible remains of sheaths with several cyanobacterial trichomes in
Khubsugul phosphorite.
@ur.3b. BeposTHO, OCTaTKH YEXJIOB, 3aKIIOYABIINX 110 HECKOJIBKO HHTEH

nnaHobaktepuii u3z Xyocyryasckux ¢ocopurtos.
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Fig.4a. Recent halophilic mat. Trichomes of Microcoleus and other cyanobacteria
in the slime of cyanobacterial mat from Sivash lagoon, Crimea.

Our.4a. CoBpeMEHHBIM TanoQMIbHBI MaT . B cnusu BUaHB! HUTH Microcoleus u
Ipyrue uaHoOaKTepuH M3 NUaHOOAKTepUaNFHOIO Mara, Jaryna Cusar,

Kpeu.

Fig.4b. Phosphatized cyanobacteria Syphonophycus with filaments of different
diameters from Khubsugul phosphorite.
Qur.4b. docharuzmpoBanHsle nUaHOOaKkTepun Syphonophycus ¢ pasHBIM

JpaMeTpoM HuTel u3 Xyocyrynbekux GocopuTos.
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“ Fig.5a. Recent}‘/' alkaliphilic mat. Cells of alkaliphilic cyanobacterium
Synechocystis salina Wisl.
@ur.5a. CoBpeMeHnbIil menoyHoi MaT. Knetku ankanohmisHOR HUaHOOaKTEPUH

Synechocystus salina Wisl.

Fig.5b.  Concentration of pseudomorphs of bacterial cells in Khubsuul
phosphorite.
®ur.5b. Ckomnenne 1cesIomMopdo3 10  OAKTEPHATLHBIM  KJIETKAM W3

Xy6cyrynbekux ¢hochopHTOB.
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Fig.6a. Recent alkaliphilic mat (upper layer).  Polymorphous cells of
cyanobacterium Rhabdoderma lineare Schmidle et Laut., emend. Hollerb.
Our.6a. Bepxuuif cioif CcOBpeMeHHOro IeNoYyHOro wmara. l{manoOakTepus
Rhabdoderma lineare Schmidle et Laut., emend., Hollerb. ¢ xapakTepHbiM

JUTA pojia MOTUMOPGHHM3MOM KJIETOK.

Fig.6b. Concentration of pseudomorphs of phosphatized bacterial cells from
Khubsugul phosphorite
- @ur.6b. Ckomnenme ncesgoMopdos mo OakTepHANbHBIM  KJIETKaM 13

Xy6eyrynbpekux GocGopHTOB.
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Fig.7a. Recent | halophilic mat. Purple bacteria Thiocapsa.
®ur.7a. CoBpemensbIi rano¢uneHblit Mat. Cinol mypmypHBIX GaxTepuii U3 pona

Thiocaspa.

Fig.7b. Concentration of pseudomorphs of bacterial cells (probably purple
bacteria) from Khubsugul phosphorite.
@ur.7b. Cxomnenue ncesaoMopdos 1o 6a1<TepnanLHI;1M KJIETKaM, BO3MOJXHO,

nypnypHbeix 6akrepuit u3z XyOcyrynsckux ¢pochopHuToB.
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Fig.8a. Beginning of mineralization of Microcoleus  chthornoplastes in
Laboratory. Some minerals and bacteria are seen near cell walls.

Our.8a. docharuzauus HUTEH Microcoleus chthonoplastes B 1abopaTOpHBIX
yenoBusax. MuHepamu3anus TpUXOMa HaudHAeTcs, KaK IPaBHIIO, OKOJIO
KJIETOYHBIX IEPErOpoIOK, IMe Yalle BCEro IPOHCXOIUT IOBPEXKICHHUE

KJICTOYHBIX CTCHOK. 3)1601) OTMCYCHO IIOABJICHHE 6aKTepI/II7I.

Fig.8b. Phosphatized cyanobacterial filaments (at the left) and concentration of
pseudomorphs of purple bacteria (?) (at the right) in Khubsugul
phosphorite..

Our.8b. docdaruzupoBanHble HUTH HOHaHOOaxkTepuil (cneBa) W CKOIICHHE
ncepnoMopdo3 mo  mypnypEeIM  OaktepmsM (7))  (cupaBa) wu3

Xy6eyrynbekux GochOpuTOB.

72







Fig.9a. Different stages of phosphatization of trichomes of Microcoleus
chthonoplastes: separate spherulites (in center), spherulite concentration
(at the right) at the trjchome surface; phosphatized sheath (at the top).

®ur.9a. Pasnuunste craguu ocdaruzamuu mHutei Microcoleus chthonoplastes;
OTJIeNbHEIE IIOOYIEI (B LEHTpPE), CKomeHue rodyn ¢ocdara (cnpara),

docdaTr3aImsa CITU3UCTOro Yyexiia (BBepXy).

Fig.9b. Phosphatized cyanobacterial filaments from Khubsugul. Individual
fossilized cells (?) can be seen.

®ur.9b. docharnzupoBaHHble HUTH  [HAHOOAKTepHit H3 XyOCyrynpeKux
dochopuTor. MOXHO pasTHUHUTh OTHCNBHBIE (POocPHaTHIUPORAHHBIE

KIEeTKH (7).
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Fig.10a. Phosphatized sheaths of Microcoleus chthonoplastes without trichomes.
There are some phosphate globules and microtubes at the surface of

~ sheaths.
®ur.10a. Munepansusle uyexnsl (TpyOku) Microcoleus  chthonoplastes,
OCTABIIMECS MOCIE BEIXOJAa M3 HHAX TPUXOMOB. Ha IOBEpXHOCTH BHIHEI

OTIeNbHbIe ITI00YIbI H MEKPOTPyOouKH ocdaTa KaIbITHsl.

Fig.10b.  Phosphatized tubes from cyanobacteria and concentration of
pseudomorphs of purple (?) bacteria (at the left) from Khubsugul
phosphorite.

®ur.10b. @ocdaTrzrpoBaHHbie TPYOKH OT HHAHOOAKTEPUH M CKOIUIEHHE
nceeromopdo3 o nyprypremM (?) 6akTepusm (cleBa) B

Xy6eyrynbekux GochopHTOB.
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Fig.11a. Mineralized trichome of Microcoleus chthonoplastes formed by
phosphate globules and microtubes.
®ur.11a. @ocdarusupoBanubiit uexon Microcoleus chthonoplastes, cocTosuit

U3 m106yn U MEKpOTpyOoUek docdara Kanbims.

Fig. 11b. Thin polysaccharide fibrous structure of mucilaginous sheaths of
cyanobacteria appearing under unfovorable conditions.
@ur.11b. Tonuaitmue nonucaxapuanele (QUOPHMIUIEI B CIM3M, BO3HUKAIOMICH

BOKPYT' HHUTeH IpaHoOakTepuil npy HeONaronpHsITHBIX YCIOBUIX.
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Fig.11¢. Microstructure of mineralized tubes: small mineral microtubes consist of
spherulites in cross section with a hole in the center.

@ur.11c. MukpocTpykrypa MuHepanbHOH TpyOouku. TpyOodkm cocToAT wu3
OYEHb MEJIKHX TII00YJI, OKPYKAIOUIMX moNmcaxapunuble Gpuopmnist. [o

X HCHTPY NPOXOIUT 110J1ad OCh.

Fig.11d. Phosphatized tubes of cyanobacteria from Khubsﬁgul phosphorite. It is
possible to see very small tubes, possibly analogous to those in figs. 11a
and 11c.

®Gur.11d. GocdatuzupoBanuple TPYOKH OT nuaHoOaxrepwit n3 XyOCyTyIbCKHUX
¢ochopuToB, Ha KOTOPBIX BHIHBI MEKHE TpPYOOUKH, BEPOSTHO,

aHATOTMYHBIE H300pakeHHEIM Ha ¢oto 1laum 1lc.

80




X-85-15-12

03': 02

81




Fig.12a. Phosphatized trichomes of thermophilic cyanobacterium Mastigocladus
laminosus Cohn. Formation of phosphate macroglobules by small
spherulites.

Our.12a. Qocaruszanns HUTA TepMobHIBHON nuanoOakTepun Mastigocladus
laminosus Cohn. OtaenpHble MHKpOroOymel ¢ocdara, paspacrasics,

06pa3yioT r1o6yIb1 GOJBIINX Pa3MEPOB.

Fig.12b. Phosphatized bodies of cyanobacteria and bacteria from Khubsugul

phosphorite.
®ur.12b. Tena nuanobakTepui, 3aMeeHHbBIE TICeBIOMOP(O3aMu MO OaKTEpHIM,

BO3MOXHO, IYPIYPHEIM U3 XyOCyryabckux Gochopuros.
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Fig.13a. Trichome bundles of Microcoleus chthonoplastes with a common
sheath . There are some small trichome bacteria at the surface of sheath.
@ur.13a. Xryt u3 neckonskux uurteit Microcoleus chthonoplastes, OKpy>KeHHBIH

HUTYATHIMHA OaKTEpUSIMH.

Fig.13b. Probable trichome bundles of Siphonophycus sp. in a common sheath
from Khubsugul phosphorite. Other cyanobacterial filaments and
possible hormogonia of cyanobacteria are seen.

Our.13b. Pasmuunple THOBL (QochaTH3UPOBAHHBEIX  MHKPOOPTaHWU3MOB U3
Xybcyrynpekux (ochopHTOB, cpeid KOTOPBIX pazIHIUMBI rpﬁmm
XKTyToB IMaHoOaxrepuit Syphonophycus, 3aKTIOUYeHHEIE B onﬁe YeXJTBI

¥, BO3MOXHO, TOPMOTOHHH OT IHaHOOAKTepHH.
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Figs 14-18 - SEM photomicrographs of recent halophilic cyanobacterial mat.

®ur.14-18 - SEM  Qotorpadum  COBpEMEHHOIO  TaloQHIFHOIO

I_II/IaHOGaKTepI/IaIIBHOFO Mara

Fig.14. Upper cyanobacterial layer of recent halophilic mat. The bundle of

Microcoleus chthonoplastes consists of more than twenty trichomes within

a thin common sheath.
Our.14. Bepxauil nnanoGaKTepHalbHBIM CIIOH COBPEMEHHOIO TalIOQUIBHOTO
mara. Xryt Microcoleus chthonoplastes, cocrosmuii u3 Gonee, yem 20

TPUXOMOB, OACTHIX OJHOM TOHKOH CIM3HCTOH MeCTaMH CKJIag4aToH

000JI09KOH.

Fig.15. Recent halophilic mat. The buried layers of mat with the cysts of green
algae Dunaliella salina Teod.
@ur.15. CoBpeMeHHEBIH ranouibHENIT MaT. 3aXOPOHEHHBIE CJIOU C ITHCTAMHU

3eneHoi Bogopocnn Dunaliella salina Teod., Ha MOBEPXHOCTH KOTOPBIX

BHIHBI XapaKTepHEIe OYTOPKH.
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Fig.16. Thick bundles of Microcoleus can consist of different quantity of
trichomes; a - many trichomes in sheath-on the outer part of the sheath
several filamentous bacteria are seen; b - fewer quantity of trichomes in

common sheath.
@ur.16. XKryter Microcoleus, cocTosinye A3 pa3HOTO KOJHYECTBA TPUXOMOB: a-

IO IecsiTKa TPUXOMOB B OIHOM 06nouke; b - HeGoNbIOe KOJIMIECTBO

TPUXOMOB B OOHO# 000JIOUKE.
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Fig.17. Recent halophilic mat. The cysts of Dunaliella salina (at the right), and

bur.17.

Fig.18.

Dur.18.

the crushed cells of purple bacteria Thiocapsa (at the left) near diatom
cells.

CospemenHsbnif rano¢mnbHbnt MaT. 1{ucter Dunaniella salina (cupasa) u
CMATHIE KJISTKY MypiymHo# Gaktepun Thiocapsa (clesa) Cpeiin CTBOPOK

JANAaTOMOBBIX BOHOpOCHCﬁ.

Mineralization of Microcoleus chthonoplastes. The formation of
phosphate sediment. The mucilage at Microcoleus cells form mucilage
crossspace.

Qocdaruzanus  Microcoleus chthonoplastes. OOpa3oBaHue ocanka
dochara xanplus B BHAe oOyn W MuKporpybouek. Ciusp,
IOKphIBaIOINas HUTH IMaHoOakTepwi, 4acro oOpasyer CBoe§6pa3HLIe

TIE€PEMBIYKH.
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Figs. 19-27 - SEM photomicrographs of biomorph structures in Khubsugul phosphorites
®ur.19-27 - SEM dororpaduu  OGuoMopdHBEIX CTPYKTYp B XyOCyrymbCKHX
docpopuTax.

The samples of Khubsugul phosphorites were studied both on broken and polished
surfaces. The best results were obtained when the surfaces were treated with 3-7% acetic
acid for 2-4 min: Treatment with 10% acetic acid for 24 h was used to isolate phosphate
organic remains. The specimens remaining after the phosphorites dissolved were studied
in addition to the treated or polished surfaces. The remains of plankton organisms were
found. It is necessary to keep in mind, however, that the parameters of the treatment are
averaged and an individual approach was required in each actual instance in order to
obtain good results. In the treatment of samples calcium carbonate is removed from
the surface as a rule and objects from calcium phosphate appear more convex in relief.
As result they are white on the photographs, in contrast to the calcium carbonate objects,

which are seen as black.

Xybcyrynsckue $GochopdThl H3ydanuch Ha CKOJNaxX, NPUIUIA(GOBKaX WIH B IOJMPOBKAX.
Haunyuimime pesynpTaThl OBUIM [OJy4YeHBl NpPH JONOMHHUTENLHOM NPOTPABIMBAHHU TONHUPOBAHHBIX
nopepxHocTelt 3-7% consaHoM kmchmorol B TeueHHe 2-4 MuH. Jnd  BBIAENEHHA HEKOTOPHIX
¢ocharu3npoBaHHbIX O0BEKTOB MNPUMEHAIOCH IPOTpaBiHBaHHe B TeueHwe 1 cyr. 10% ykcycHoit
kucIoToH. KpoMe OTNOIHPOBAHHBIX U NPOTPABJICHHBIX ITOBEPXHOCTEH GBUI H3y4eH TakKe OCalOK TOCIHe
pactBopeHus QochopuroB B 8-10% yxcycHO KHCIOTe, B KOTOPOM OOHApyXHIHCh OCTATKH
thochaTH3NPOBaHHBIX IUIAHKTOHHBIX OpraHm3MoB. HyXHO HMETB B BHAY, 4TO mapaMeTpbl 00paboTku
YCPENHEHEl M B KaOXIAOM KOHKDETHOM Ciydyae Ul IIONy4eHHs XOpPOIIEro pesyjbTara HeoOXOIuM
VHIVBUITYIBHbIHA riozrxon. Ilpn npoTparnueanun 06pa3toB (hochopuTa ¢ MOBEPXHOCTH KapOOHAT Kabivs
Kak TpaBUiIO yIalfeTcs, B pe3ynsTaTte o0beKkTH M3 docdaTa Kausuus OKasbIBaloTcs Gojiee BBINYKILMHU U
Ha ¢oTorpaduax BEIIJIAAAT CBETIBIMH, a 0OBEKTH W3 KapOOHAaTa KanbLiys, pacrnoyaraiomuecs riy6xe, na

¢doTorpaduIX UMEIOT TEMHYIO OKPAcKy.
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Fig.19a. Fragment of phosphorite consisting of several micronodules.

®ur.19a. Yuacrok ¢ochopuTa, COCTOAMMINA H3 HECKOIBKIX MHKPOJKEIBAKOB;

Fig.19b. One micronodule (microoncolite).

®ur.19b. Ogun MUKpOXKENBaK (MHKOOHKOJNIT).
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Fig.19c. Fragment of one micronodule; central part of oncolite and concentric
layers are made up of concentration of pseudomorphs of different types of
bacteria, outlying at the left cyanobacterial filaments are seen between
concentric layers;

@ur.19¢c. YyacTok MHKpPOXENBAKa; LEHTpanbHas YacTh OHKOMUTA U
KOHIICHTPHYECKHE CJIOH CJOXEHBI CKOIUIEHHEM IiceBaoMopdo3 1o
pasHoro tumna OaxkTepusM, MO nepudepHH OHKOJIUTA CJIEBa MEXIY

KOHLIEHTPUYESCKUMH CJIOSIMHM BUJIHBI HUTH I[HAHOOAKTEPUIA.

Fig.19d. Fragment of one micronodule; two different types, in form and size, of
pseudomorphs of bacteria are shown.
Our.19d. YuacTok MHUKpOKeJIBaKa; BUJHBI JIBE PA3IMYHEIX 1O QopMme U

pa3zMepaM MogudUKauuK nceBaoMopdo3 no GaKkTepHsM.

96




01:06

01:09

30ym

97




98

Fig. 20a. Micronodule from phosphorite. In the center there are concentrations of
pseudomorphs of bacteria, on outlying in the spaces between concentric
layers the cyanobacterial filaments and pseudomorphs of bacteria are
seen, concentric layers are made up of pseudomorphs after bacteria as
well.

®ur.20a. MukpoxenBak u3 ¢ochopura. B 1meHTpe HaXoguTCI CKOILICHHE
nceBaoMopdo3 mo GakTepusM, 1o nepupeprur B IPOCTPAHCTBAX MEXKIY
KOHIIEHTPHYECKIMH CIIOSMH BHIHBI OTHENIbHBIC HUTH [IHaHOOAKTepHi
U CKOIUICHHS IIceBIoMopdo3 nmo OakrepusM, caMH KOHIEHTPHYECKHE

CJIOH TOXKEC CIIOXKCHBI HCCBZIOMOp(bO3aMI/I 110 6aKTepI/IHM.

Fig 20b. The same, enlarged, outlying part.

Our.20b. To xe, ysenuueHo, nepudepuyeckas 4acTs.
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Fig.21a. Fragment of cyanobacterial mat from phosphorite.

Qur.2]la. Yyacrok numaHobakTepHaabHOIO Mata U3 pocdopura;

Fig.21b. The same, enlarged. The tubes from two types cyanobacteria with
different diameter and morphology; probably from purple bacteria are
seen well.

®ur.21b. To xe, ysemmueHo. Xopoio BUAHBI TpyOKH ITHaHOOAKTEpuil ABYX
BHIOB C Pa3HBIM JHAMETPOM H CKOIUICHHS IICEBIOMOP(]O3, BO3MOXKHO,

IO MyPIYyPHBIM OaKTEPHSIM.
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Fig.22a. Fragment of cyanobacterial mat from phosphorite.

@ur.22a. Yuactok IaHOGaKTepHATBHOrO Marta u3 dochopura.

Fig.22b. The same, enlarged; at the right cyanobacteria filaments with different
diameter ( two types) are clearly seen, at the centre - concentration of
pseudomorphs probably of purple bacteria.

@ur.22b. To xe, ysenudyeno. CrpaBa XOpomo BHIHBI TPYOKH IHMaHOOAaKTepHH

JBYX BHUJIOB pPa3IMYaroOlIHecss [0 BEIMYHHE JHaMeTpa, B LEHTpe -

CKOILIEHHs ICeBIOMOP(O3, BO3MOXKHO, IT0 MyPILYPHEIM OaKTEPHsM.
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Fig.23a. Fragment of cyanobacterial mat from phosphorite.

@ur.23a. YyacTok muanoOakTepHalbHOro MaTa u3 pocdopura.

Fig.23b. The same, enlarged.

®ur.23b. To xe, yBenuyeHo.
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Fig.24a. Micronodule from phosphorite. In the centre there are concentrations of
pseudomorphs of possible purple bacteria; on outlying region the
cyanobacterial filaments are seen. Hollow space between central and
outer parts is connected with dissolution in time of sample preparation.

®ur.24a. Muxpoxensak u3 ¢ocdopura. B meHTpe. HaxogUTCS CKOIUICHHE
HcéB):xOMopcpos, BO3MOXHO, II0 TIYPIYPHEIM OakTepusaM; 1o nepudepun
BHUJIHBI OTENbHBIE HUTH HuaHoOakTepuii. [lonoe mpocTpancTBO MEXIY
IEHTPATBHOM YaCTBI0 W BHEIIHAM KpPaeM CBS3aHO C PACTBOPCHUEM

Kap60HaTa B XOZ€ IIOATOTOBKH IIpcriapara.

Fig.24b. The same, enlarged, outlying part.

@ur.24b. To xe, yBenudeHo, mepudeprueckas 9acThb.
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Fig.25a. Fragment of phosphorite with cyanobacteria filaments probably in life
been in one sheath, and with pseudomorphs after bacteria.

®dur.25a. Vyactox ¢ochopura ¢ TpyOkamMm nHaHOOAKTEPHH, BO3MOXKHO,
HaXOJMBIOMMUCA B OIJHOM CIM3UCTOM 4e€XJle, U CKOIUICHUSIMH

niceBaoMopdo3 1o GakTepHsIM.

Fig.25b. The same, enlarged.

®ur.25b. To xe, yBeTUUCHO.
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Fig.26a. Fragment of cyanobacterial mat from phosphorite.

@ur.26a. YuacTox nuanobakTepuanbHOro Mara u3 pochopura.

Fig.26b. The same, enlarged; cyanobacteria filaments with different diameters (
two types) are seen as well as possible hormogonia.
®ur.26b. To ke, yBeIHYEHO; XOpOLIO BHUJHBI HUTH IHaHOOAKTEpHH pa3HOTO

naaMeTpa (JiBa TUIA) U OTAENbHBIE TOpMOroHuH (?).
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Fig.27a. Micronodule from phosphorite with cavity from cyanobacteria filaments
or from its concentrations. Matrix consists of pseudomorphs probably of
purple bacteria.

®ur.27a. Muxposxkensak u3 fpochopuTa, ¢ IOIOCTAME OT TPyOOK NHaHOOAKTEPHit

WM OT MX CKOIUIEHHH. MaTphKC COCTOMT M3 MCeBAOMOP(O3, BO3MOXKHO,

N0 MypUypHBIM GaKTepHsM.

Fig.27b. The same, enlarged.

®@ur.27b. To xe, yBenUUIeHO.
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Figs. 28-52. - SEM photomicrographs with different types of preservation of
cyanobacterial filaments and bacteriomorph bodies from Khubsugul phosphorites.
®ur. 28-52 - SEM ¢oTtorpadhun ¢ pa3iuIHEIMA THIIAMEH COXPAaHHOCTH HUTYATHIX

nuanobakTepuii ¥ 6aKTeprHOMOPQHEIX Tell B XyOCyryasckux dpochopuTtax

Fig.28a. Micronodules in phosphorite.

®ur.28a. Mukpoxensaku B gocdopure.

Fig.28b. One micronodule

®ur.28b. OauH MHKpPOXKENBAK.
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Fig.28c. The same, enlarged, showing many hormogonia (?).

®ur.28c. To xe, yBeIMueHO, MOXXHO BUJETh CKOIUIEHHE TOPMOTOHU (7).

Fig.28d. The same, enlarged, showing cyanobacteriaol filament.
@®ur.28d. To ke, yBemuueHO, BHIHHI (QochaTu3upoBaHHblE (HUIAMEHTEI

nuanobakTepuit U O0IHI YeXolT.
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Fig.29a. Micronodule consisting entirely of cyanobacteria filaments (?).
®ur.29a. MukpoxenBax u3 ¢docdopura, Haresno CJIOXEHHBIH

docdaruznpoBaHHEIME TpyOKaMu nuanodbakTepui (?).

Fig.29b. The same, enlarged.

®ur.29b. To ke, yBeTUUIeHO.
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Fig.30. Micronodule from phosphatized cyanobacterial mat with cyanobacteria
tubes.
®ur.30. Mukpoxensak U3 (pochaTH3UPOBAHHOTO IHAHOOAKTEPHATFHOTO MaTa ¢

TpyOkamMu nuanoOGaKkTepHil.

Fig.31a. Phosphatized coccoidal mat.

®ur.31a. GocdaTuzupoBaHHBI KOKKOHIHEII MaT.
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Fig.31b. Phosphatized coccoidal mat, enlarged.

®ur.31b. PocdaTH3znpoBaHHBI KOKKOHIHBIH MaT, YBEJIHYECHO.

Fig.31c. The same, enlarged.

®ur.31c. To xe; yBenuueHo.
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Fig.32. Micronodule from concentration of pseudomorphs of bacteria and with
cavities from cyanobacteria filaments.
®ur.32. MukpoxemBakx, CJIOXKEHHBIH CKOIIEHHEM NCEBIOMOP(O3 M0 OaKTEpHsIM,

BUOHBI IIOJIOCTH OT HUTEH HHaHOGaKTepHﬁ.

Fig.33. Micronodule from pseudomorphs of bacteria and with cavities from
cyanobacteria filaments.
®ur.33. MukpoxenBak, CJI0XEHHBIH CKOIUIEHHEM IICeBAOMOPdO3 110 DaxTepusM,

BUJIHBI IIOJIOCTH OT HUTeH nuaHoGakTepuii.
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Fig.34. Different types preservation of cyanobacteria filaments and
pseudomorphs of purple (?) bacteria.
Our.34. PaznuuHble THIBI COXPAHHOCTH I[HAaHOOAKTEpUH B BHUAE OTACIBHEIX

HHUTEH UK X CBA30K M IICEBAOMOP(]O3HI IO MypIypHEIM (7) GakTepHsIM.

Fig.35. Preservation of cyanobacteria filaments and pseudomorphs of purple
bacteria (at the right).

®ur.35. CoxpasHOCTh HHTEH MuHaHOOAKTEpHA U MyPITyPHBIX OakTepuit (cpaBa).
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Fig.36. Fragment of cyanobacterial mat.

Our.36. YyacTok nuaHobakTepHaIBHOTO MaTa.

Fig. 37. Fragment of cyanobacterial mat.

®ur.37. Yuactok iuaHobaKkTepHabHOrO MaTta.
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Fig.38. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced
by purple bacteria.
@ur.38. TlceBgoMopdo3sl 0 MypPIypHEIM OaKTepHsSM W HHTH OHAHOOAKTEPHA,

TaKOKE 3aMEIlCHHBIEC Y PIyPHBIME OaKTEpHIMH.

Fig.39. Pseudomorphs of purple bacteria and cyanobacteria filaments replaced
by purple bacteria.
®ur.39. Ilcemomopdo3sl IO MypPIYPHBIM OakTepHsIM M HHUTH IHaHOOaKTepui,

TaK)Ke 3aMENICHHBIE IIyPITYPHBIMU OaKTepHAMI.
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Fig.40a. Type of preservation of cyanobacterial mat.

®ur.40a. Tun coxpaHHOCTH IHaHOOAKTEPHATTEHOTO MaTa.

Fig.40b. The same, enlarged.

®ur.40b. To xe, yBeTHICHO.
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Fig.40c. The same, enlarged.

®ur.40c. To xe, yBenudeHo.

Fig.41. Type of preservation of cyanobacterial filaments and purple bacteria.

@ur.41. Tun coxpanHocTH HUTEH HAHOOAKTEPHIL ¥ ITyPIyPHBIX OaKTEPHIA.
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Fig. 42a. Type of preservation of cyanobacterial mat.

@ur.42a. Tum coxpagHOCTH MUAHOOAKTEPHATBHOTO MaTa.

Fig..42b. The same, enlarged.

®ur.42b. To xe, yBeTHYICHO.
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Fig.43a. Type of preservation of cyanobacterial filaments.

@ur.43a. Tl COXpaHHOCTH HUTEH UAHOOAKTEPHH.

Fig.43b. The same, enlarged.

®ur.43b. To xe, yBenuueHo.
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Fig.44. Type of preservation of cyanobacterial mat. The hollow tubes are from
cyanobacteria.
®dur.44. Tun coxpaHHOCTH IHAHOOAKTEpHAIBHOTO Mara, IONble TPYOKH -

IIOJIOCTH OT HHaHO6aKTepHﬁ.

Fig.45. Type of preservation of cyanobacterial mat and pseudomorphs of purple(?)
bacteria concentration.
Our.45. Tunm COXpaHHOCTH [HAHOOAKTEPHAIBHOTO MaTa W  CKOIUICHHS

nceBaoMop$o3 11 mypnypHBIM (7) OaKTEpHSIM.
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Fig.46. Type of preservation of coccoidal mat.

®ur.46. Tun coxpaHHOCTH KOKKOUIHOTO MaTa.

Fig.47. Microstromatolite, thin section, (magnification 5x). In lower part - thin
bedding phosphorite stromatolite.
®ur.47. MukpoctpoMaronuT, uumd (ysenmgenue 5x.). B Hmxrell vactu ¢oro -

TOHKOCJIOHCTHIH (POCHOPHTOBBIH CTPOMATOJIHUT.
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Fig.48a. Phosphatized tube from cyanobacteria.

Our.48a. @ocdaTuzupopaHHas TpyOKa MHAHOOAKTEPHM.

Fig.48b. Dumpbell-like pseudomorphs of bacteria in the upper part of the tube
near it inner surface.
®ur.48b. TanTeneBuaHble nceBAOMOP(O3BI M0 OakTepusIMH B BEpXHEH YacTH

TpYOKH PSIIOM C €€ BHYTpEHHEe! IOBEPXHOCTHIO,
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Fig.48c. Semi-amorphous calcium phosphate on the outer part of the tube.

®ur.48c. Ilomyamopdnsrii

CHapyXu

Fig.48d. The same, enlarged.

Our.48d. To xe, yBenuueHo.
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Fig.49a. Fragment of micronodule with well crystalized calcium phosphate.
®ur.49a. Y4acToK MEKpOXKEIBAKa ¢ XOPOIIIO PAaCKPUCTALTH30BaHHBIM (ocdarom

KaJIbIHs.

Fig.49b. The same, enlarged.

®ur.49b. To xe, yBEIHUICHO.
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Fig.50a. Fragment with radial placed cyanobacterial (?) filaments. Calcium
carbonate crystals are around.
®ur.50a. YYacToK ¢ paayaibHO paclojaralolMMHUCs HUTSIMH (7) IMaHoOaKTepui.

Bokpyr HaxomaTcsa KpHUCTaUIbl KapOOHAaTa KaIbLIHS.

Fig.50b.. The same, enlarged; it is seen the replacement of cyanobacterial (?7)
filaments by purple bacteria.
®ur.50b. To xe, 3amewmenne HuTed (?) unmaHobakTepuil nceBIoMopdo3aMu Io

IypIIypPHBIM GAKTEPHSIM.
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Fig.51. Structure of cyanobacterial mat is seen on 10-15 microns of depth.
Concentration of pseudpmorphs of purple bacteria and cyanpbacteria
filaments, replaced by purple bacteria as well.

@ur.51. Koncrpykuus nuanoGakTepHalbHOro Mara Ha riayouny 10-15 mMukpoH.
Macca u3 nceproMopdo3 mo IypIypHBIM OakTepusM, cpeln KOTOpPOMH

BUJIHBI HUTH IIMAaHOOAKTEPHi, 3aMEIIeHHEIe Iy PILyPHBIMH OaKTEPHSIMHU.
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Fig.52. Concentration of pseudomorphs of purple bacteria with hollow tube from
cyanobacteria filament. It is seen that the thickness of filament wall is
equal to those of one layer of purple bacteria replaced it.

@ur. 52. Macca n3 ncepnoMop¢o3 1Mo IIyprypHEIM OaKTepUiM ¢ HOJOH TPyOKoit
OT HUTH IuaHoOakTepuw. BUAHO, 9TO TONINMHA CTEHKH HHTH paBHA

TOJIII{HE OJTHOTO CJIOSI 3aMECTHRIIHX ee IyPIyPHBIX OaKkTepHil.
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Figs. 53-55 - SEM photographs of organic remains from Khubsugul phosphorites
®ur.53-55 - SEM dotorpadum opraHHdecKHX OCTaTKOB M3 XyOCYTyIBCKHX

docdopuToB

Fig.53. Obruchevella delicata Reitlinger, 1948; (Burenkhan); a - entire specimen;
b - fragment, enlarged; the replacement of the wall by pseudomorphs of
coccoidal bacteria is seen.

®ur.53. Obruchevella delicata Reitlinger, 1948; (bypenxan); a - IOJHBIH
OK3eMIUISIP; b - (parMeHT, YBeNHYCHO; BHIHO 3aMCIUCHHE CTECHKH

HCCBI[OMOp(bO?»aMI/I IO KOKKOHUIHBEIM 6aKT€pPI5[M.
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Fig.54. Obruchevella delicata Reitlinger, 1948; (Khubsugul); a - entire specimen;
b - fragment, enlarged; the replacement of the wall by pseudomorphs of
purple bacteria is seen.

®ur.54. Obruchevella delicata Reitlinger, 1948; (XyOcyrym); a - MONHBIH
9K3eMIUIAP; b - (parMeHT, YBEIUYCHO; BHIHO 3aMEINEHHE CTEHKU

ncesaoMopdo3aMu o MypHypHBIM OaKTEpHSIM.







Fig.55. Spirellus columnaris Jiang, 1982; (Khubsugul); a - entire specimen; b -
fragment, enlarged.
@ur.55. Spirellus columnaris Jiang, 1982 (XyOcyryn); a - HOJHBIH 3K3eMILISp; b -

(dhparMeHT, yBEIHUEHO.
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Figs. 56-61 - Photomicrographs of ancient cyanobacteria from Khubsugul phosphorites in
thin sections.
dur. 56-61 - ®ororpadpuu apeBHUX nuanodakrepuit u3 Xyocyrynsckux Gocdoputos B

[po3pavHbIx mumpax

Figs. 56 & 57

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al, 1991. Magnification

1100x.

®ur. 56 & 57. byxsrl Ha dhoTOrpadusxX OTHOCATCS K:

a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Sch(;f)f, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll er al., 1991. Vsemuuenue

1100 x.
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Figs.58 & 59

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Magnification

1100x.

Qur. 58 & 59. Byxssl Ha QoTorpapuIx OTHOCITCS K:

a- Syphonéphycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll ef al., 1991. Vaenuuenue

1100 x,
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Figs. 60 & 61

a. - Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;

b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll er al., 1991. Magnification

1100x.

@ur. 60 & 61 Byker Ha ¢poTorpadusax OTHOCITCA K:
a- Syphonophycus typicum (Hermann, 1974) Butterfield, 1994;
b - Syphonophycus robustum (Schopf, 1968) Knoll et al., 1991;

¢ - Syphonophycus septatum (Schopf, 1968) Knoll et al., 1991. Vpemuenue

1100 x.
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